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HISTCORICAL SYNOPSIS

Schedule 189's and Field Task Proposals

Marshall Islands Radiclogical Safety Program
and Rongelap/Utirik Dose Reassessment Project
-A Historical Svynopsis
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ADDITIONAL SXPLANATION FCR CPERATING COSTS

Brooknaven Naticnal Laboratorv RZ-Jperational Safety

Lavoratory Program
1. Contracrar: Contract Vo.: Tasx No.:
Associated Universities, Inc. AT(30-1)-16
2. Protect Title: 189 No.:
Sarfety Studies and Development of Operational Guidelines
Marshall Islands Radiological Safety Program RZ-1
J. Budget Activitv YNo.. 4. Date Prevared:
RZ2-93 May 1974
5. Method of Reporting: o. Working Location:
Annual repor:z o Division of Operaticnal Brookhaven National Laboratory
Safetyv
7. Perscen in Chargze: 8. Prciecr Term:
C. B. Meinheoid
) . .
Principal Tnvestigator: srem To:
N. Greenhouse Project will be initiated in
F., Haughey FY 1973,
A. Hull
9. Man-Years: FY 1975 FY 13753 Ty 1§74
Sci., Res. Assoc., (Ph.D. or Equiv.) o =e- 1.0 1.0
Prof. (B.S. cr Equiv.) --- 0.5 0.5
S¢i. & Prof. - Total --- 1.3 1,3
Others : .= 1.0 1.0
Guests & Research Collaborators - -— ---
Toctal cea- 2.3 2.3
10. Costs (In Thcusands of Dollars). FY 1974 FY L1673 FY .376
Labor (including benefits) 0 30 60
Mats., Trav., Dev. Subcont., Spec'l Proc. 0 75 37
Reactor, Accel., and/or Computer Usage 0 2 L
Allocated Technical Services 0 3 1
Gen. & Adm. Overhead 0 15 32
Total Research Cost 0. 125 137
Squipment Cbligations 0 20 0

11, Reaczor Conrceonec. 12. Materials:




Sarfety Studies and Development of Operational Guideiines
Project Title: Marshall Islands Radiclogical Safetv Program R2-07

13, Publications:

None

14. Scope:

Now that Micronesians are returning to the islands affected by weapons
testing, a comprehensive, continuing radiation safety program is required.
Such a program would be developed for the Division of Operational Safety
using the facilities and personnel of the Brookhaven National Laboratory
Health Physics and Safety Divisioms This project is intended to provide
Jperational Safety with a single focal point for their needs in this area.
Areas needing scientific investigation will be suggested to the Division
of Biomedical and Eavironmental Research, and other support activities to
the Division of Operational Safety.

The specific goal of this project is to gather and evaluate previous
and current data on the radiological situation as they relate to actual and
projected land use. Significant exposure pathways will be identified as a
basis for establishing a continuing environmental monitoring program. -
’sing this information, annual surveys in the islands will be designed and
serformed in ccnjunction with the Brookhaven Medical Survey. Envirommental
samples will be returned to Brookhaven National Laboratory for analysis.

In additisn to those samples required to estimate the accuracy of the dose
oredictions, specific samples relating to the Medical Survey Group's interest
will be collected and analyzed. Our close relationship with the Medical
Survey Group will permit us to respond rapidly to their needs.

15. Relationship to Other Proijects:

a) The facilities and personnel of the Brookhaven National Laboratory
Health Physics and Safety Division Environmental Monitoring Group will be
the basic element in the project, '

E) Mutual assistance will exist with the Brookhaven Medical Survey Team,
The annual radiological survey would be conducted during their visits to the
islands when possible.

¢) Extensive use will be made of the data and experience of previous
studies in the islands. This will include consultation as needed with the
personnel from the Lawrence Livermore Laboratory, Southwest Radiological
Health Laboratory, AEC Health and Safety Laboratory, etc. Close cooperation
with the University of Washington is anticipated for the radiological
analysis of marine biota in the Marshallese diet.

16. Technical Progress in FY 1974:

Health Physics and Safety Division staff members will assist in the
March 1974 medical survey in the islands in order to familiarize these

(See Continuacion Sheet) R{



Safecy Studies and Development of Operational Guidelices

Proiect Title: Marshall Islands Radiological Safety Program 27-03

16. Technical 2rogress in FY 1974: {Conc'd)

personnel with the area and enable znem to anticipate tecnnical and
administrative difficulties,

17. Expected Results in Y 1975:

The project will be initiated in FY 1975 when the first decailed
surveys in the islands will be designed and performed.

18. Expected Resulrs iﬁ Y O.974:

A radiation protection program for the islands will be fully implemencad
with the expectation that this project is to be continued for an indefini:ze
period,

19. Description and Explanation of Major Materials, Egquipment and
Subcontracet Items:

In FY 1975, capital equipment funds of $20,000 is requested for a {00
channel analyzer and its associated hardware, The equipment is required to
bring our environmental monitoring facilities to the '"state of the art."

20, DProposed Cbligarcions for Related Construction Projects:

None



SCHAEDLLE 189
ADDTTIONAL IXPLANATION TOR IPERATING CO0STS
2zookhaven Naticnal Lahoratore W -Odperaticnal Safetvy
-dzerazory Prograz
.. Conzraczor: Cernzvracst Ne.: ~ask No.:
Aassociated Universizies, Inec. Z730-1y-156

Safety Studies and Development of COperaticnal Guidelines
~ b
-

Islands Radisleogical Safary Program : .

-. 3Bucdzet Aczivizv No.: -. _Cate Prepared:
W=03-(a) May 1976
2. Mezhod ¢ Renerring: 5. working Location:
annual Report to Division of h Nacs Tt :
- . R . h -« -
Cperactional Safetv, monzhlyv visits 3rockhaven Naticnal Laboratory
o 208, Scientiiic Meetings and
Journals
7. Person ia Charge; 2. Proiect Term:
C. B. Meinhold
Continuing
2rincival Investigacor: From: -
N. A, Greenhouse
<« R. Naidu
A. 2. Rull
3. Man-Years:
Transition
Jirect Man-Years FY 1976 Deariod FY 1877 FY la78
Scientific « Professicnal 2.3 0.5 2.0 2.0
Others 1.0 0.3 1.0 1.0
Guests & Research Collaborators -=a -w= - -~
Total 3.5 0.8 3.0 3.0
3. C9sts (In Thousands of Doilarsj:
Transition
Y 1976 Period ¥ 1977 v 1978
esearch Costs 140 30 140 120
Zquipment Cbligaticns 30 10 13 10
i<. Reacz:cr Concent: 12, Macerials




Safecy Studies anc Development o Cperational Guidelines

Tciest Title: Marshall Islands Radiclogical Saferv Program RW=03-7a)

Greennouse, M. A. and McCraw, T. F. Marshall Islands Radioleogical
Tollowup. Proc. Ninch Midvear Tcoical Svmposium. QOoerational Heal:tn >avsics.
—enver Tepwruaxr ¢7E, P, L. larsom, 2., pp. 7e4i-T, Heal:th 2nvsizs Sccrecv,
lentral Recxky Mouncain Chapter, Boulder, Coloradc, 1976.

A comprehensive and ccnctinuing radiological safety program is reaquired
for the 3ikini and ZInewecak pecple who cdesire to reinhabit cheir home atolls.
The program includes analyses of extermal radiation levels, soil and ground
water contamination levels, and radicaczivizy in terrestrial and marine bdioc:a
which comprise the numan food chain. From these data, both extermal and in-
ternal doses and dose commitments will be made. In addition, projectioms of
Ifuture radiological conditions will be posctulated in order to provide appro-
priacte guidance onm projected land use and living patterns. Earlier dose as-
sessments will be revised and updated, and dosimetry mcdels will be refined zo

- .

rellect actual trends as deterzined Zrom zhe monitoring program.

Prcject personnel will provide a resocurce of expertise for establishment
cr independent review of radiation protection programs associated with cleanup
and renabilication efforss ia the northern Marsnall Islands, and for relaced
neai:th physics interests of the Division of Cperational Safety.

Field operations will be closely coupled w.ch those of Brookhaven Medical
Survey in the Marsnall Islands, and Radiological Safety Program personnel will
oe of direct assistance to the Medical Survey whole body counting activities.
Ancillary environmencal radiclogical assessments will be made at Romgelap and
Uzirik atells on an altermacte vear sasis.

13

. Relacionsais =g Qther Proiects:

a) Survevs will be made in close conjunction with the BNL Medical Survey
Team. Assistance will be given to their effort., The annual survev would be
conducted during their visits to the Islands. b) Continued collaboration with
the University of Washington, Laboratory for Radiation Ecology (LRE) is antic-
ipated on Division of Operational Safaty enviromnmental programs in the Pacific
basin. <¢) Extensive use will be made of prior survey data. Consultations
will be neld with other participating agencies in developing the bases for the
survey requirements,

186, Technical Prcogress in TV 1676 and Transition Period:

A major survey was conducted at Bikini and Eneu Islands in February 1973
in response to Deparcment of the Incerior's request Zor guidance on the siting
¢f the second increment of housing construction at Bikini. This survey re-
vealed unacceptable radiation levels at zmost of the proposed sites, suggested
alternate sites, and laid zhe groundwork Zor a larger multiagency survey in

{See Conzinuacicn Sheec) A=

-



Safsty Studies and Developmen:t of Operational Guidelines
°rojecc Title: Marsnall Islands Radiclogical Safety Program AW-03-ra)
les, Tezhnical 2rogress in TY 1874 anc Transiticn Der-icd: (Cemt e,

<une=July 1S73 in wnich BNL parzicipaced, Iatz from boch -hese syrvevs are
currently being used to refine dose and dose commizment preciccions Zor re-
turning 3ikini residents,

38L ccllaborated wizh the Universicty of Wasnington LR in a regicnal
raciclogical backzround study in Micronesia, November-December 1975. rDacta
Irom this study will be used as a reference base agains: whizz radiclogical
datz Irom the nertiern Marshall Islands can be compared,

The Zirst routine followup studv Zor 2ikini and Fneu is scheduled for
April 1676. This survey will include detailed tadiological profiles cf the
Name-3okata complex ¢f islands which zre =he next areas scheduled for agricul-
tural developmen: in cthe Bikini atoll maszer plan.

17. ZIxoec:tad Resul=s inm FY 1077 :

.
< -

Ground surveyv suppor: will be preovided for a planned interagency aerial
radiologizal survev ¢ all previousls unsurveyed ateclls in the nerchern
Marshall Islands wnich may have received local fallous from -he ©.S. at=os-
snheric nuclear tests.

Znewetak will be visired by the srogram princivals in order :=c escablish

@ rcuzine environmental monitoring program for zhat accll.

tinued zechnical suppor: will be srovided by BNL for the ZRDA-‘funded
Basin raciclogical program cf the University of Wasningrton LRE.

o

~3. ZIxpeczec Resulrs in FY 1978:

Conzinuation of programs described in FY 1977,

19, Descrioscicn aad Zxpianation of Maier Materisls, Zcuismen:t and Subcor

ttems:

n
4]
[
0O
1]

Capital Eguioment Fiscal Year 1677:

Additional zmemory and an x-v plotter ($9,000) for the Ge(L:i) specercmecar
system is needed to improve sample analyses and data processing capabilities
cn large numbers of envirommental samples collected during field surveys.

Peripheral electronics ($6,000) Zor a chin intrinsic germanium detector
arrvay ils needed to process soil samples Sor heavy elements.,

a0

Capital Eguioment Fiscal Vear 197

In TY 1978 3 s:tandard compatible mazneric tape uni:z (87,209) wilil be
neaded for data storage, which will enable zhe scientific szafs <o cransfer

(See Continuatzicn Sheet) 2w-3



Safety Studies and Deve

lopment of Operazional Guidelinss

Marshall Islands Radiclogical Safetv Program Aw-23-7a
icn and Zxolanation of Maicr Mazarizlg Icuisment and Supezatracs
nz'd."
Zcuioment Tiscal Vear 1G-2. ‘lont'd.)
ata Irom presen: analvzer ecuipmen: o tae Cenzral Scienzific ¢ mpus-
bligazions Zar R2lacad lonstructien Srciecsts
None
-4



SCHEDULEZ 139
ADDITIONAL IXPLANATION TOR OPERATING COSTS

s

Brookhaven Naticrnal lLaboratorv RK-Znvironmental Researzh and Develcpmen-
waboratory Program
1. Conzracter: Conztrac:z No Task No.:
2=l tattort: EALLENUERS

Associated Universities, Inc. EY-76~C-02-0016

<. Proiect Ti-le: 139 XNo
Surveillance of Facilities and Sites
Marshall Islands Radiological Safety Pregram

3. Budget Activity Vo.: 4. Date Prevareqd:
RK’O].'OS ‘02‘3 Mav 1977
(600003)

5. Method of Reporting: 8. Working Location:

Annual Report to Divisicn of Cperazional Brookkaven National laboratsry
Safety, Standards and Cempliance (3s¢C)y,
Monchlv Visits to SSC, Seien=ifia Meetings and Jcurwmals

7. Person in Charze: 8. 2Projecs Tarm:
C. 3. Meinhold Continuing
Principal Investizacor: From: Ta:
N. A. Greenhouse (564-4250)
9. Man-Years: Pres. Bud Rev. Req
FY 1977 Y 19878 F?7 1678 7 1979
Sci.,Res.Assoc.(Ph.D or Zquiv.) 1.0 2.0 2.0 1.2
Prof. (3.S. or Equiv.) 0.5 1.0 1.9 1.9
Scei. & Prof. - Total 1.5 5.0 3.0 2.0
Others 1.0 1.5 1.5 1.3
Guests & Research Collaborators .- - .- ~--
Total 2.5 4.3 4.5 2.3
0. Costs (In Thousands of Jollars): Pres. 3Bud. Rev. Req.
£y 1977 TY 1978 £Y 1978 Y 1879
Labor (including benelits) 63 79 87 83
Mats.,Trav.,Dev.
Subcont.,Spec'l. Proc. 44 32 62 67
Reactor, Accel., and/or
Computer Usage 0 0 0 0
Allocated Technical Services 2 1 1 1
Gen. & Adm. Overhead 31 38 32 80
Total Research Cost 140 150 192 211
Equipment Obligations 10 10 10 3
11. Reaczor Coacepr: . _<4. Materzals:

AHX-1/3



ies and Sites
gical Safety Program K -01-05-27

Greennouse, N, A., Levine, G, S., Xraner, H. W. and Naidu, J. R. A =hia
intrinsic germanium detector array for direct counting of soil samples. Pre-
sented at the 2lst Annual Meeting of Health Physics Society, San Trancisce,

California, June 1976,

14, Scove:

(a) 200 Word Summarv: Eavironmental and persconnel menizering programs
for the Marshallese people living at Bikini, Rongelap and Utirik azclls must
continue indefinitely in crder co assess dose contribuctions to zhese pecple
from the residual radicactivity originally produced bv U.S. nuclear weapons
tests in the Pacific. Detailed assessments of the contributions of external
gamma radiation have been made over the past two years, but the idenzification
of internal exposure pathways and determinationm of their radiological signifi-
cance are subject %o many variables which will require environmental and diet
monitoring and biocassay programs for many years. The focal points of the next
vear's efforts will be gquantification of the average annual diet and i:s radio-
nuclide content of each ateoll; determination of the significance of zhe inhala-
tion pathway for plutonium and other radionuclides resuspended Zrom local soils,
and establishment of urine excretion rates Zor plutonium, scrontium S0 and
cesium 137 for iandividuals if possible, and the averages Zor atoll populations.

From these data, assessments of both extermal and interaal doses and dos
commitments will be made. In addition, projections of Zuture radiclogical co
ditions will be postulated in order to provide appropriate guidance cn pro-
jected land use and living patterns., Earlier dose assessments will be revised
and updated, and dosimetry models will be refined to reflect actual treads as
determined from the nonitoring program.

Project personnel will provide a resource of expertise for establishment
of independent review of radiation protection programs associated with cleanup
and rehabilitation efforts in the norzhern Marshall Islands, and Zor related
nealth physics interests of the Division of Safety, Standards and Compliance,

15. Relationship to Other DProiects:

a, Field surveys will be made in close conjunction with those of the
3NL Medical Survey Team, and assistance will be given to their efiorts.

b. Continued collaboration with the University of Washington, Laboratory
for Radiation Ecology is anticipated in SSC-sponsored envirommental programs
in the Pacific Basin.

16. Technical Progress in FY 1977:

During a field trip in September-October 1976, visits to Wotje, Alluk,
Ctirik, Rongelap, and Bikini provided opportunities to collect urine sampiles

(See Continuation Sheet)

RHA- 114
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Surveillance of Facilities and Sizes
Marshall Islaacs Rac:oloalcal Safetv 2Program ARX-QLl-28-02-3
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1877 (Cont'd)
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Tepresentative of centaminated and uncontaminated locations in the region as
parz of a pluteonium excrezion study. Definitive measurements of exrternal ex-
posure rates were made at Utirik and Rongelap, and the incremental exposure
rates Zrom 3ravo fallcut were determined for the village islands and several
others at rzhese atolls.

Analrses of environmental samples ccllected from past surveys are nearly
completed, and reports oI the results are in progress.

Znstallacions of air sampling stations will be completed at Kwajalein,
ini, Rengelap,and Utirik: and initial results of air smonitoring and inten-
ied urine dicassay programs are expected.

¢Ioup survev support will be provided for a planned interagency sponsored
aerial radiolcgical survey of all previously unsurveved atolls in the northern
Marsnall Islands wnichk may have received local fallout from U.S. atmespheric
auclear :e

"

25, Imzezzes Tasulzs o Y 1974

Centinuaticon cI programs described for FY 1977 and 1978.

9. Descriocion 2nd Exolanazion of Major Materials, Scuipment and Subcontrac:

Canizzal Zcuioment, TV 1978:

Peripheral electronics (S10,000) for the Safety and Environmental Protec-
zion Div15-on analycical laboratory is needed to process the increasing load
ironmental samples collected on field surveys.

Maior Subecntract Trems, TV 1978

A supplemental budget request was made for FY 1977 to initiate the air
monitoring and expanded urine bioassay program for plutonium. It will be nec-
essay to extend the contracted peak load analyses of these samples into FV 19878
because of the lengthy sec up and processing times for amounts of radiocactivizy
which are below conventional limits of detection. Anticipated cost is $10,000.

Capital Equipment, 7Y 1979:

Peripheral electronics equipment ($5,000) is needed to provide depth in
the Safety and Zanvironmental Protection Division analytical laboratory zo han-
dle peak lcads of envircmmental samples which must otherwise be subcontracted
to a commercial labcecratory.

(See Continuation Sheer)
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Surveillance of FTacil:
Project Title: Marshall Islands Rad:i
ed¢ Oklizacions feor Related Cconscructicn Proiects:

ies and Sices
gizal Safetv 2vogram R-01-05-07

O
—ar
(9]
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SCHESDULZ 139
ADDITIONAL Z:PLANATICN TCR

3rco<haven National Laboratarse
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Mission Rescur:za

Ladoratorv
Contracsor:

csatrac: Yo.:

Mis

Associated Tniversities, Imec.

T{-76=-C-02-C016

TET
L2

2roject T

Survelllance of Tacilis=ias and Si-as
=1
(-

Marshall T

Q
- hat

(¢ 9]
0
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[¢]

[

ands Radicliogical Safscy Progranm

3. Budget Activitv No.: 4. Date Preparad:
GK-01-31-32-3=(a) March 1978
{800003)
5. Methoed of erortinz: 8. workiag _ocat:wan:
val - mam NS g = s JafFare N . . « .
sanual Repors 3 Sivision of Safacy 3rookhaven National Latorazsry
Standards aand Complianca (33C)
Moathly Visizs o 33C
Sciearcific Journals and Meerings'
7. Person ia Charze: 3. Proiact Tarm:
ey T4 . .
C. B. Meizhold Contiauing
Princizal Iavestigzator: From: To:
N. A. Greenhouse (664-4250)
3, 2arscn-Yaars: Pres.3ud. ev. Req.
FY 1978 IY 1979 ¥ 1279 7 1:3C
Diract Person-Years
Scientific & Professional 2.0 3.0 3.3 3.9
Others 2.5 2.0 4.0 4.9
Guests i Regsearch Caollaborators --- --- --- ---
Total 4.3 5.0 7.0 7.9
0. Costs (In Thousands of Dollars): Pres.3ud. Rev. Req.
FY 1978 FY 1979 Y 1979 7 1380
Research Costs 150 211 400 4290
Total Research Obligzatisas 198 o218 363 427
Zquipment Obligations il 20 20 39
1l. Reactor Csnceonc: ~2. Macsrials:

€K 115



Surveillance o7 Tacilizies and Sires

dracrans Timla. Marsznall Islands Radiological Safezv Jzogram IN-21-21-3

-
-

Radiological analvses

Greennouse, ¥, A, and Mii:zendergzer, R. 2,
1974 tarcugn 1976, 311 Re

’
Marsnall Islands envircomenzal sampi2s Zrom
(ia press).

3
acre

Greenhouse, N. A. and Miltanberger, R. ?. 3Ixtermal radiazizn survev
and dose predictions Ior Rongelap, Utirik, Rongerik, ailuk, and wotje Atolls
3NL Report (i press).

‘a) 200 Werd Summarv: A comprenensive radiological safety pregraxm will
e maintained Ior Ihne innadbita 2 atolls in the norcthera Marsnall Islands
ccntam:mnaced as a result of the U.S. Pacific Testing programs. The following
Z2ms and services will be provided:

*

. ZIovirormencal and personnel aonitoring to provide data for
IN. dose assessmencts 3nd cetarminacion of radiological trends.
Z. Individual and pepulacticn dosimetry based on aczual measure-
menis, These datz Wwill e ised 0 modify dose commitment pre-
cizzive nedels 3o that thev acsurately reflect furture :crends.

3. 3Suggestions dased cn Iield experience to mitigate doses
via the aore critical pachways.
+. A flexible rescurce of radiological expertise to independencly
review radiation 3rctection programs associatad with rehabili-
tacion 2Zforcts in che mortherm Marshalls, and for relacted ieazlzh
Jnysics ilaterescs cZ CJES ia the Pacific 3asin,
Jrogram activicies Icr the soming Ziscal year will empnasize zhe Zollcuw-
iag:

l. Ia vivo couatiag of 3ikini and Znewetak residencs, These
efforts will define Jasaline bYody burdens of gamma-emic=i:
nuclides for new residencts at both atolls, and will perizé-
ically assess changes in hody durdens over i which =izac
vesult Irom varicus exposure pathwavs.,

2. Urine bloassay to define radionuclide excretion patzerns
irem individuals, and to escimate Sr and transuranic
auclide burdens.

ExX-114 {

(See Continuation Sheetz)



Surveillance of FTuicilizies and Sirzes
Sroiezz Tizla: Marsnall ITsiands Radiclogizal Saferw dwogram X-2l-21-32-3-
L4, Scone (2enzinued)
=228

3. Definrzisan of zhe annual centributions 0 2ose via =9e
inhalaticn pazhwav at 3ikial, Romgelap, and Utirik. Spacial
empnasis will Se placed on continvous air sampling for wind-
nediated resuspension 2I radionuciides in lacal soils; and

on special measuramencs %o cefine aerssol concributicas re-
sulting Zrom human ac:

o

ose sradictive mnodels whizh
rtal nonizcozring daca,

'I(L

4, Development of radi:lagi:al
involve 50£i Ruman andé sovirzam

(5) Supplement z> 200 Wers Iummarr: The TV 1979 Judget request 2ontains
a significant increase over zae 77 1978 allocarion, This increase reflects a

realistic assessment 2f cperating :23Cs izposed v the ia vivo ceouating, bio-
assay, and air toni::r-ns dctiviziss segun tn F7 1973, aAdditionally, field
trio ac:::z::es and anaiytical latcratory services have substantially exceeded
original sstizatss Ior the Sasi: rzdislsgical safaety srogram, and these costs
are ex;ec‘ed Zo continue, Tizmalls, thers are a number of peripheral :rograms
of mutual interest =3 3INL znd 1Z3 whizh will Se casc-effactive if imcluded
WiIl the basi: elfcrts, manpower :nd sudgzac zermitting, These include in
srier I izporzainca:

L. Zefiniticm ¢f loeali diat cazzamms a2t all 3zolls of iacarest,

and :zcntinucus 2wnizering =2 2il2ts Sor seasonal changes and long-

Ter= Irends widizl aignt impacs sn realistic dose oradiz-iamns.

2. Incorporation of public information and education przgrams

into the zotal 3NL eflor: o zmininize the adverse asychclogical

and sociological impaccs ¢f local radiological comditions and

o our effzris to underscand zhem.

3. Rectrospec:zive assassment of the racislcgical picture in zhe

orthera Marsnalls pricr o zhe 2scablisamenc of che 3NL aro-

Zram ia 7Y 19375

4. Continued collaboration with UW/LRE on OES radiological

programs.,

13, Relacicasnis 22 Crther

This program will be logistically coupled wherever possible to :zhe 3NL
Medical Program ia the Marshall Islands. Technical collaboration will con-
tinue on maciers of =mutual interest, The radiclogical safaty program will also
bear directly on a retrospec:zive reassessment of thyroid and wiole bodv doses
to the 3RAVO fallout victims at Rongelap and Utirik, a new program Sor which
funding is expec:zed in FY 1978, The program will also interact cocperatively
with related eflor:ts at the University of Wasnington (LRE) and at Lawrence
Livermore lLaboratory,

GQx-1117

(See Conzinuation Sheer)



Surveillancs o7 Tacilizies and Sites

drciact Tizle “farsnall Islands Raciclsgical Safecy Jrogram K-l l-lLl-31
L3, lechnizsl Prograss ia TV 1973

Several reporcs 3re i press or ia progress faor subliczacion ia Tv¥ 1373,
These reports will summarize all 3NL radiological program aczivizias =s cara
and idencify :the zechnical issues zo be addressed ia FY 1979 and 13230, ™o
fleld Irips were made in Cctober 1877 to iaiziace the 3NL air Tonitoriag sTo-
grams at Bikini, Rongelap, and Utirik; and 22 es:abl sh tne i vivo Isunting

a
—a

X
t
]
4

program. Sufiicienz Zieid monitz cr;ng data teccme availatle 13 assess
average radicnuclide body burdens Isr -eSLdenC= ¢f 3ixini, 2wenzelap, and
Utirik, and t: nake a preliminary analysis of zxe ianalasian Jataway a1 :tasse
atzlils. '

Personnel and analytical laboratory resources ara seing

provide technical psrogram suppor: Sor 'He 13 Aczoll Surver" Wi
during TY 1%78.

At least =wo addizicmal Zield trips are slamned far 7Y 1378 =3 csacinue
envirosnmental surveillance programs at [tirik, Rongelap, and 3ixkini, and za
study of trends in L37¢5 bedy bSurdens at 3ikini, Fiald TTip scnedulizg con-
tinuves I0 e nazmpersad, nowever, Dy uncertainties over LIZiITils suzsaTe,

fon
~1
.

Lt

Xoecsas Resu.is Lla TV 373

At leasz :three fileld trips will de zade zo 3ikiai, Rengelaz, ind
Atolls to conduct rouctine envircnmental surveillance and persomnel zcoai
activities, Ia additicn, two or zore field zrips will Se . zade z: Inewe

concinue baselinme in vivo counting and bicassay activities degun in 7Y

and £9 igpitiace a new anvironmental surveillance arogran consistant witi
veturn ¢f control of the atoll to the Marshallese,

'
L

(o
4
(2 A
18}

O W

ak z
1378,

the

oo

Average baseline radionuclide body burdens will be estaplished Zor
typical residents of unconcaminated acolls, additional comtributioas zs zocw
burdens Irom envircnmeatal pactaways ca contaminaced atolls will he decermined
for individuals and populaticms. ac 3ikini, Rongelap, and Utirik. Sefianizisn
of zhe inhalacion patiway at cthe aforemencicmed atolls will be complered, and
a working predictive model will bSe developed which incorporactes eanviranmencal
and pachway analyses with aczual human uptake experience.

18, Ixpectad Resulzs in Y 138C:

Continuation of programs described in FY 1979,

6,.(—/11(

(See Contcinuacion S-cer)



Surveillance oF Tazilizias znd Sizas

Project Title: “arsma.: Islancs Rzdizlsgizal Selaty Pragras IX=3l-lle32-0002
3. Descrisciam znd Ixzslanatiasn 37 Aziae 213%2ri3ls, Izuizmens zng fusesnITaz:

Itams:

Canital Zguicment - TY 1380

Two phantcas ($10,000) are Tequired =2 provide adequace calizratisns fov
the Marshall Islands Ia vive Cou“-iag 2TSSTaZ. A compucer-basad sulse neighc
analyzer ($40,0C0) is neeced to Taincaia the division counting laborazory ac
sta'e-o'-c“e-a.., and t3 provida iadependent analyeical facilizies for

ultra-low-level sazple counctizg.

<C. 2roncsez Sblizacions far Re.aragd

None.
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TUTRGY - TPERATIN INFEINZZI AT azTTaL AalClUl3IiT N
SCHZIDULI 139
ADDITICONAL ZTXOTANATION 722 QPZRATING QBLISATTONS

3rcokhaven National Laberazorv SKeMilzi-2asa -3
_adoractory Mission Resour:zz
L. Contraccor: Ceontrac: Yo.: Task No.:

Associated Universities, Inc. EY-76=-C-02-0015
2. Project Title: 189 YNe.:

Surveillance of Facilizies and 3Sizes

Jose Reassessment Ior Pooulacions 2o Rwngelap and Unirik

Following Exposure %5 Fallout
3., Budget Activizv MNo.: 4. Data Pranared:

GK-01-01-352-3-1b) March 1978

(600159Q)

5. Method of Reporzing: $. Wworking Locaticn:

Annual Reoort o Division of :

4 Ar - Y - - -
3iomedical & Eavirormencal Research Brookhaven Nacicnal Laboratary
Scientiiic Meetings and Jouraals

7. Person ia Charze: 8. Profect Tarm: .
i
C. 3. Meinnold
Principal Tnvestigator: From: To:
. R. Yaidu (664-4210) Project to be initiazed and
- e P Y » " - . » -y
N. A. Greenhouse (864-4250Q) termizated ia FY 1379
9. 2srson-faars: Pres.3ud. Rev.Ragqg.
FY 1978 7Y 1879 Y 1979 v 1330
Direct Person-Years
Scientific & Professional --- .- Q.3 .-
Others --- --- --- -—--
Guests & Research Collaborators ---= --- -== --=
Total --- .- 0.5 ---
10.. Coses (Ia Thousands of Dollars): Pres.3ud. Rev.X21a.
°Y 1978 FY 1979 £Y 1979 Y 1830
lesearch Costs 0 Q 25 >
Total Researzh Chligaticns d - Q 25 0
Equipment Obligaticas Q 0 0 0
1. Reaczsr Concent: 12. Materials: R




C s e

Surveillancas 22 Tacilizias and 3ices
Jose Reassessment Ior Pozuelacions zo Rongeian and UIiTik
Semise: Tirla: following Zxcosure Iz Fallouz GX-Jl-21-32-2- =
3. Puolicazizcas
None
16 Sceoe:

.
(a) 200 Word Summarv: Incidences of cthyrsid ncdules, beaizn and 2alig-
nant, in the exposed populactions of Utirik and Rongelap have iandizated cricical
differences in correspcndence Setween nodule incidenca and =nyroid dose <2
the two populations. The estimated excernal dose received fram the zize fall-
out began to the time .of evacuation shows that :the Rengelap nsopulatisn ra-
ceived an external dose ( 175 rads) which was about thirteen tizes zhact for
the Utirik populacion (14 rads), and the thyrcid dose was about ten cime
larger, whereas the incidence of thvroid nodules in the two ?opulacxons wers
not signiicancly differentc.

A preliminary study nas indicated that the crizical area cf inveszigatica
that could shed lignt is the jeriod during fallout and evacuation Zar doth zhe
islands. In addizion, the Zace that the Utirik populaticn recturmed wizhia 120
days follcwing evacuatisa, whereas the Rongelap population vecurmed cnly afcar
three years, requires :that we look clcsely at the Uzirik popgulation iz zerms 57
a longer exposure period, both iacermal and external. Further scudies would,
therefore, have Co concsntrate on the re-examination of all available data iz
Teports issued by varicus agencies during that jeriod, coasultacicas wizh sci=
entific persomnel Ianvclved at that cime, identifying the areas of uncerzaiazv,
and usiag appropriate ccmputer programs to analyze the data, The end wesulc
will enable us to look for correlations between the incideace of .“yro*d
nodules and the reassessed dose estimaces,

13. Relacionsnin 2o 2ther 3wrsiects:

(a) This study will help establish dose estimates “rom the zime o2 tiae
incident to the present, and will ccmplementc the aerial survev, Zor excemmal
radiation measuremeacs, over :these islands, wnich is scheduled soon. Togetizer
they should present a reliabls jicture of doses received by :he sopulatioas
and also enable dose astizates to be projected iatc zhe future.

(b) This study will be in close ccnjunction with the 3NL Radiological
Safery Program ia the Marshall Islands and with relacad programs of che 3NL
Medical Department. Ccntinued collaboration with the TUniversitv of Washingzza,
Laberatory of Radiation Zcology, in the area ot envx:anmentAL radiocaczivisy
will be maintained.

1s. Technical 2rogress ia 7Y 197%:

Preliminary literature search and consultations with Dr. C. A. Sondhaus,
University of California, have been complered. This aas rasulted iz defining
areas of uncertainty in infcrmacion and establishing the procedural steos that
should be carried ocut cowards eiucidating this problem. 2rogress is Deing made

(See Continuation Sheect) SK~-12/



Su:vex..ance :I Tacilizias and 3i:tes

Cose Reassessment I5r 2opulaticas sn Wwagelan and UTirix
Se-iacs Ti=la- ?al owiag Ixposure I3 Tallout FX-0l-01l-22-2
19, Z2¢anigal rogress in o Tr LF 3 iconcinuec
in the analysis of nistorical samples (dated March 1, 1954 Zrom Rengelap an
Utirik Islands). 3However, delay in Zundiag Ior 7 1978 2as caused the project
to be set aside until such zizme that the Zunding is appropriated. <Comsequently,

it is expected that sctudies will have to be continued iata TY 1979,

17, Expeczed Resul=s ia

Jencs

taat radiacicen efs

The literature searzh, consulzations and the analysis of data will be
ccmpleted, and will lead co comprenensive discussions and

for both the islands. These results will

be

used to test
ects can be translatad into meaningful dose estimatas.

Zinal dose assess-
the hvsochesis

The

prognosis of the 7Y 1978 study should also permir validation of the models
used in arriving at the dose estimates in terms of present day exposures.

18. Expected Results in Y 1980:
Program completed.
13, Degcrioscion 3nd EZxolanacizn 3f Masor Materials. Iguiszent ind Suyccontrict
l-ems:
Jene.
20. ZProposed Obligations for Relatad Construczion 2¥oiacts:

None.

AK-~ nvi
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JERARTMENT OoF

QPERATING

INERGY
INERGY - 5Tl
SCHEDULZ 189

ADDITICNAL ZXPLANATICN TOR OPERATING JBL

Srookhaven National lLaboratorv

SRy

Tw T Ny

SXPENSES AND CARITAL ACCUIIITIoY

GATIONS

~2i-lascur:za

Ladboritarw Missicn Resour:za

.. Ccatraceor: Contrac: No. Tas« ‘o,
Associated Universities, Iac. EY-78~C-02-30158

2. Protect Tizle: 189 Ne.
Surveillanca of Facilities and Sites-=SUMMARY

3. 3udzer Activizy Yo.: 4. Date Premarad
GR=01=31-52-3 ) March 1378

5. Merhod of Renorting: 6. Working Locaction:
See sub-acziviczies Brookhaven National Laboracory

7. Persoa in Charza: 3. Proiagz Tarm:
See sub-activizies Conciauing
Priacioal Investigator: Trom: -
See sub-aczivicies
9. Person-Tears: Pres.3uc. Rav.leq.
FY 1978 FY 1979 Y 1979 57 1980
Sci.,Res.Assoc. (Ph.D. or Egquiv.) 1.0 1.9 1.3 1.9
Prof. (3.5. or Zguiv.) v ) 5 A 1A
Sei. & Praf. - Total 2.0 3.0 2.3 3.9
Cthers 2.3 2.0 4.0 4.7
Guests & Researczh Collaboracors - —— - -—=
Total 4.3 3.0 7.3 7.9
10. Costs (In Theusands of Jollars): Pres.3ud. Rev. leq.
TY 1278 TY 1973 £y 1979 FY 198Q
Labor (including benefits) 36 116 164 171
Macs., Trav., Dev.
Subcent., Spec’'l Proc. 5 32 135 125
Reactor, Accel., and/or
Computer Usage 0 0 4 0
Allccated Tachmical Services 1 3 3 3
Gen. § Adm. Overhead 47 58 117 113
Total Research Cost 150 211 425 320
Total Research Cblizations 198 218 394 427
Equipment Obligaticns 1l 20 20 30
~1l. Reaczor Concent: 12. Macerials:




Project Title:  Surve:illancs

[y}
w
[})
e
g
§ e
(K}
}e
13
(7]

[

0.
(7))
)
"
b
']}

GK=Jl=21-32-

Sub=acszivizy

GK-01-01-32-3=(a)

GK-Q1l-01-32-3-(b)

{ -
il.8

Marspnall Islands Radiological
Saferv 2rograz

J0ose xeazssessment Zor Populacions
cn Rengelay and Tzirzik To
ZIkposure =2 Tallout

T 5
—-—eWil

(See Continuation Sheet) ,éK' H"(
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DEPARTMENT OF ENERGY
ENTRGY - QPERATING SXPENSEIS AND CAPTITAL aCQUISITION

SCHAELDULE 189
ADDITICNAL EXPLANATION FOR OPERATING OBLIGATIONS

Brookhaven National Laboratory

GK-Mulzi-Resource

Taboratory Prceram
1. Contractor: Contract Yo.: Task Yo.:
Associated Universities, Inc. EY-76=-C-02-0016
2. Project Title: 189 Yo.

External Radiation Measurements and
"Ground Tructh" for Mortherm Marshall
Islands Regional Radiological Survey

Budget Activity No.:
GK-J1-01-52-3

Date Prevnarad:
May 1973

Method of Reporting:

Written Report to D.O.E.S.

. Aorking Location:

Brockhaven Yational Laboratory

Person in Charge:

C. 3. Meinneold

Principal Investigator:

N. A. Greenhouse (664=-4250)

. Proiect Term:

From:-
8/78

To:
12/31/78

. Person-Years:

Sci.,Res.Assoc. (Ph.D. or Equiv.)
Precf. (B.S. or Equiv.)
Sci. & Prof. - Total
Others
Guests & Research Collaborators
Total

FY 1978

Rev. Regq.
FY 1979

Pres.3ud.

FY 1979 FY 1980

ws
]
|
i

2.2

Q.
J.

w
]
[
I

Costs (In Thousands of Dollars):

Labor (including benerfits)
Mats., Trav., Dev.
Subcont., Spec'l Proc.
Reactor, Accel., and/or
Computer Usage
Allocated Technical Services
Gen. & Adm. Overhead
Total Research Cost

Total Research Obligzations

Equipment Obligations

FY 1978

Pres.3ud.
FY 1979

12

3
O ISYs J

0 12 C

-4

(V8]
w W OO

o

o~

O O qooo
—
O W
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Reaccor Concept:

1.

Materials:



N

Zxtarnal Radiation Measurements and
"Grouad Truth'" for MNorchera Marshall

2roject Title: Islands Regional Radiological Survev
13. Publications:

Greenhouse, N.A. and Miltenberger, R.?. Radiological analyses of
Marshall Islands eavironmental samples from 1974 through 1976. 3NL Repor:
350796 ia press.

Greenhouse, N.A. and Miltenberger, R.P. ZIZxternal radiatiom survey and
dose predictions for Romgelap, Utirik, Rongerik, Ailuk, and Wotie Atolls.
BNL Report 50797 in press.

14. Scove:

(a) 200 Word Summarv: A comprehensive external radiation survey program
will be conducted on each of the approximately 13 atolls or islands in the
Northern Marshall Islands which could have raceived trovospheric fallout from
T.S. nuclear weapons tasts in the Pacific. The surveys will provide "ground
truch" data on ambient external gamma radiation levels on~island. This data
will be used as the bSasis for calibracion and normalization of aerial radio-
ilogical moniteorinag Sy Z.G.&G. Corporation. The program will include detailed
axternal radiation measurements with prassurization chamber aad scincillation
survey instruments, and in situ zamma spectrometry on all islands of interest.
Surface soil samples will bDe collected and analyzed Zor significant zamma
emitters in order o make decay corractions for long-term dose predictions via
the extarnal radiation exposurs pathway.

3NL field trip staff and analytical lab facilities will Ye availaple for
other enviroumental sample collections and analyses as needed by the overall
scientific program.

15. Relacionship "o Cther 2roiects:

This program is directly related to our continuing envircnmental and per-
sonnel zonitoring efforts under the 3NL Marshall Islands Radiologiczal Safery
Program. Lt will also ioteract cooperatively with related efforzs at the
University of Washington (LRE) and Lawrence Livermore Laboratorw.

18, Technical Progress in ¥ 1973:

Personnel and analytical laboratory rescurces will be mobilized in suppor:
of this program. If the regional survey begins on schedule, the first of the
three survey legs should be completed by the end of FY 1978.

+

17. Zxvected Resulss in 7Y 1979:

The remainiag =wo survey legs will be ccmpleted, data analyzed, and a

(See Continuation Sheet)



Y D

Zxternal Radiarisn Measuremencs aad
"Ground Truta' :3r Northern Marshall

?roject Tizle: Islands Regicnal Radioslogical Survev AT AT 31
17. Zxpected Results in Y 1979: (Continued)

tepors of 3NL acrivities in support of this effore
sion ia the overall project reporc.

will be written for iaclu-

3. ZIxpected Resul:zs in FY 1930:
Project will be completed in FY 1979.
i9. Descriotion and Explanacicon or Major Materials, Zguioment ancd Sudconcrace
Items:
Capital Eguipment, TY 1979:
None required.
Capital Zguirment, Y 1980:
None required.
0. Proposed Oblizations Sor Related Construcc eon Sroiects:

None.



2 DEPARTMENT OF ENERGY

- INERGY - OPERATING ETXPENSES aND CAPITAL ACQUISITION
SCHEDULE 139

—_ ADDITIONAL EXPLANATION TOR OPERATING OBLIGATIONS
-.20Kkhaven Yational Laboratory GR-Mulzi Resource
Laboratory Mission Resource
1. Contractor: Contract No.: Task No.:
Associated Universities, Inec. EY-76-C-02-0016
2. Project Title: 189 No.:

Special In-vivo Counting and 3iocassay Program for
the 3ikini People. Supplement to the 3NL Marshall
Islands Radiological Safety Program.

3. 3udget Activity VNo.: 4. Date Preparad:
GX-01-01-52-3 July 1978
:. Method of Repmorting: 6. Working Location:
Written report to D.O.E.S. Brookhaven National laboratorv and

Marshall Islands

Parson ia Chargze: 8. Project Term:

C.3. Yeinhold Continuing

Principal Investigator:

From: g/01/78 To: 9/30/78
N.A. Greenhouse

9. Person-Years: Pres.3ud. Rev.Bud.
FY 1978 FY 1979 FY 1979 FY 1980
Sci.,Res.Assoc¢. (Ph.D. or Equiv.) — — — ——
Prof. (B.S. or Equiv.) . — — —— —
Sci. & Prof. - Total _— —-— -—— _—
Others — — — -—
Guests & Research Collaborators i — - -—
Total — - — -—
10. Costs (In Thousands of Dollars): Pres.Bud. Rev.3ud.
FY 1978 FY 1979 ¥Y{ 1979 FY 1980
Labor (including benefits) 0 0 0 0
Mats., Trav., Dev.
Subcont., Spec'l Proc. 20 Q 0 0

Reactor, Accel., and/or

Computer Usage 0 0 0 0
Allocated Technical Services 0 0 0 0
Gen. § Adm. Overhead o) Q Q 1

Total Research Cost 20 0 0 .0
Total Research Obligations 20 0 0 0
Equipmernt Cbligaticns 0 Q 0 9

.~. Reactor Csncent: 12, Materials:




Special Ia-vivo Counting and Bioassay Program Sor the 3ikini

People. Supplement 5 the 3NL Marshall Islands Radiolegical
Project Title: sifeev Progran GX=-01-01-32-"
13. Publicationms:

Greenhouse, N.A. and Miltenberger, R.P. Radiological analvses of

Marshall Islands enviromnmental samples from 1974 chrough 1976. 3¥L Report
50796.

Greeanouse, N.A. and Miltenberger, R.P. External radiation survey and
dose predictions for Rongelap, Utirik, Rongerik, Ailuk, and Wotje Atolls.
BNL Report 353797. :

14. Scove:

(a) 200 Word Summarv: A special field trip will be made in August 1978
to do in-vivo counting and urine biocassay at Xwajalein Atoll om 20 to 30
3ikini residents before their anticipated exodus frem 3ikini in lace August.
In addition, a separate field trip party will proceed to Bikini to collect 24
hr urine samples from those Bikini residents who cannot be accomodated cn the
charter £l1°zht which will bSring the in-vivo counting subjects to XKwajalein.

The rationale for this effort is as follows:

(1) Accurate intermal dosimetrv for 137Cs body burdens in the
Bikinians requires an assessment of extant body burdens just
prior to the departure of the people from Bikini.

(2) There is_evidence that both the short-term and long-term
compartment 137¢cs clearance rates from the Bikinians may differ
significantly from those for the ICRP standard man. Determina-
tion of these parametars is essential to the accurate assessment
of total dose comumitments.

(3) During the past several years the Bikinians have become
apprehensive about potential health effects which they feel
might result from their having lived in the contaminated Bikini
environment. The personal attention that they will receive in
these personnel monitoring activities should help to alleviate
some of their fears.

15. Relationship to other Projects:

This program 1Is directly related to our on-going environmental and per-
sonnel amonitoring effcrts under the 3NL Marshall Islands Radiological Safecy
2rogram.

16. Technical Progress in 1978:

Assessments of body burdens and clearance parsmeters _and the_determinacion

{

(See Contiauazicn Sheet)



Special In-vivo Counting and B3loassay Program for the 3ikini

People. Supplement z5 the 3NL Marshall Islands Radiological
Troject Title Safecv 2rogram. GK-01-11-52~3
16. Technical Progress in 1978: (Cont'q)

of dose commitments for individuals living on 3ikini Atoll will Se completed
by the end of the 7Y 1978.

17. Expected Sesulzs ia TY 1979:

Project will be completed in TV 1973.

—

18. CExpec=ed Resulzs za =7 108(0:

N/A

19, Descrioscion and Zxolanacicn of Maier Yatarials, Eguioment and Subcontract
Itenms:

The funding raquest iacludes 53,200 for twoe reound trip charzer flights
between 3ikini and Kwajaleia to cranscors zhe 3ikini peorle for in-vive
countiag.

d

- -
. TY 1978:

Carital Zaquizmen

N/A

20. Proposed Obligzaticms for Relatad Comstruction Proiects:

None.
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-7. Task Descriscion (Cont.)

3. Repliczate determinaticns of ultra-low level Pu and am urinary
8xcraticon rates ameng Norctherm Marshalls inhabitants and anong
Marshallese concraol gTOUDPS wno reside outside :he fallout areas.
, - s 137 .. 90,

4. <Zstablistment of Cs and ST excretion ractes among Mar-
snallase control Zroups.

-
|9
-

acilitvy Requiramenrtrs.

It Is anticipated that work “or this proposal will use existing Labora-
tor7 Zacilislas and sira utilicy services.

~5b. 2ublicatisns.

Iiscal VYear 1973

Greenhouse, N. 4., Miltenberger, R. P.,, and Cua, F. T. External Radiation
Survey and DJose Predictioms for Rongelap, Utirik, Rongerik, Ailuk and Wotje
~2221ls.  3NL 50797, Cecember 1977.

Greenhouse, N¥. A., Miltenberger, R. P., and Cua, R. T. Radiclogical
dnalyses of Marshall Islands Environmental Samples 1974-1976. BNL 50796,
“ecember 19377.

Fiscal Yaear 1979 - 1gst Quarter

Miltermberger, R. P., Greenhouse, N. S., and Cua, F. T. Whole Body
Countizg Results for Inhabitancs of the Northern Marshall Islands: 1974-1978.
Health Physics Journal (submizzed).

¥iltenberger, R. P., Greenhouse, Y. 4., Cua, F. T., and Lessard § T.
Cietary Radioactivity Intake from 3icassay Data: A Yodel Applied to 3‘Cs
Intake >y 3ikini Island Resideacrs. Health Physics Journal (submitcted).

Greenhouse, ¥. A. Follow-up Radiological Surveillance, Marshall Islands.
?Tesentad at the 1978 innual Meeting of the Health Shvsics Society,
Minneazolis, ¥innesota, June 1978,
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L3c¢. Durpose.

1s program is cperated =2 zrovide contizuously updated daza en ionizing
radiation doses and dose c:_miznen:s rec2ived 9y the residents of leands ia
the Northera Marshalls which have Sesn ceontaizmizated by U.S. atmospheric

auclear tests. These data will Se usad 2 develop predictive dose mode*--ng,
and to provide a basis for remedial aczicns when necessary.

.%d. 3acszrcund.

This work was begun iIn 1374 5 provide radiation safety related iﬁfcrma-
tion o the A.I.C. concerning :tihe residenzs of 3ikini, Rongelap, and Utirik
atolls, and the Impending rezurn 37 the Inewe:lak Deople.

_Je. Approacn.

Field trips co the Marsnall Islands will e conductad =wo to =hree -imes
cer vear 2 do Ia wiv :cu::;:: and drins collecticus Iar radicassay and for
:avironmencal samp;;ng azplas zand Iz vivo zounting data will be analyzed

2rizarily at 3¥L. Resul:s will e i:c:r;o:a:ed inco 3 cozmputerized data bLase
Ior zapmipulaction, zedellizg studias, amd ingorzeratiosn ingo rajporss for
oublication. ™

9Z, Teghnizal 2Zrograss.

Three field trips were conduczed during TY197% for enviroumental sampling
and personnel monitoring.

The Spring 1977 whole ?ggy counting trip zo 3ikini demonstratad dramacic
and unexpected izereases in -~‘Cs dody burdeas among the residentcs. These

Zindings led to a Departmeat of the Interior deci aion to move the Bikini peopl
3£% cheir home atoll. The declize ia 137Cs and Sr hadv burdens among the
3ikiaians will be monicored during FY1979. A detailed diar and living pattam
study of residents of the Norzhera Marshalls is axpected o improve understand-
ing of internal and externmal radiation exposure sathways. This study and
astinaces of radionuclide excretion races derived frcm Zfollow-up perscunel
zonitoring on the Bikinians are expeczad o improve predictive modelling and
ceduce the probability of unexpected occurrences such as that as 2ikini lasc
rear.

Exphasis on personnel aonitoring is expec:zad to conctinue through FY1980
and TY1581. Development at uyltra~-low level analvytical capabilities Zor czrans-
1ranic radionuclides and the astablishment of corroborative Hicassay programs
12 cooperation with other laboratories are axteczed to clarify and quantitace
-ow level plutonium and americium bedvy burdens among the 3ikinians and onge-
~apese. Similar determinations among a Marshallese control population are
exvecied to demomstrate differances, i any, Setrween the residents of zcncazm-
ixated atolls and regional background.

K29
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19f. Technical Progress ‘coar.)

Systematic personnel and environmental zonitoring programs ave axpected
to be initiated at Enewetak a3 7Y 1980 and ro se well éstablished by FY 1§81.

19g. Fucure Accomplishmencs.

. These studies are expected o provide a better understandiag of the
radiological impac: on man resuliing from habitation ig an environment ccncami-
nated with man-made radiocactive nacerials. They are fur-her expectad to

. provide a basis for corrective acilons where needed and to ninimize through

1 better understandiag the fears of the people living i{n these areas.

1%h. Relacionsnip to Jther Proiacts,

This program will funcrion in cooperation with the BNL Medical Research
Program in the Marshall Islands and will occasionally share =he same legistical
Support resources for fleld trips. It will also funczion cooperatively with

- varigus Pacifiz research Programs at :the Lawrence Livermore Laboratory; and

especially wich Programs to develop predictive dose esticates Zor preseat and
future residents on contaminated islands. The 3NL program will provide retrg-
spective dose information to aid in the development of prospective dose models
by LLL.

19i. Eavironmencal AsSsessment.

Work dome under this task proposal has either ao environmental impact or
has impacts similar to those described in and covered by 3NL's Zavircnmenral
Impact Statemeat (ERDA 1540).

193. Exolanation of Milestones.

None

19«. CQther.

None
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19a. Facilitv Remuiraments.

iciparad that work for this proposal will use axiscing Lapora-
and site utilicy services.

(/]
"
n D
[ ]

1%c. Purposa.

To lock for correlations between the incidence of thyroid nodules in :he
inhabitants of Rongelap and Utirik Islands (Marshall Islands) and the
reassessec dose estimatces.

This study will Iuse togecher 31l available iaformatiom om fallout “ram
the 3RAVO test and usiag advanced analveical techniques (now available) derive
realiscic dose astizates o the izhabizants of Rongelap and Utirik. The re-
sulcs should provide information towards alucidating the whole question of low-
level effects ¢f raciation.

+9d. 3ackzround.

incideace of thyrcid nodules, benign and malignant, in the exposed popu-
lations of Utirik and Rougelap 1as iandizated cricical differences in correspon-
dence between nodule incidence and thvroid dose for the pepulacions. The
estinaced external dose rteceived from the ctime fallout began to the tize of
avacuation shows that the Rongelap population received an extermal dose (173
rads) which was about 13 times chat for the (Utirtik povulacion (1% rads), and
the chyroid dese was about 10 zimes larger, whereas the incidenmce of thyroid
dodules in the two populations were not significancly different.

A preliminary study has indicaced that the critical area of investigation
that could sned light is the period during the fallout and evacuation for boch
the islands. In addition, the Zfact that the Utirik population returned within
120 days following evacuation, whereas the Rongelap popularion returned only
afrer three years, requires that we lcok closely ac the Utirik populaticn ia
tarms of a lenger exposure period, botha internal and extermal. Furcher studias
would, therefore, have to concentrate cn :the re~examination of all available
data in reports issued by various agencies during chac period, coasul:ations
with scientific personnel involved at that tine, identifying che areas of un-
certaincy, and using appropriate computer programs to analyze the data. The
end result will 2nable us to look for correlations between the incidence of

tayreid nodules and the ra2assessed dose astimaras.

GK-I1D3
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L9e. Apnmroach.

iscal zoncrol will be axercised through the use of monchly comparisons
actuial axgenses incurred and corrasponding line items in the budgec.

3 ny

(9]
®
(B 4
¥
m
m
:

The study will comprise:
a. racure search for all availiakle 4aca concerning the 3RAVO
such as, zet sorological conditicns and radiacion measursments.
ussions with scientific and technizal cerscanel iavolved ia =he
S

st.
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. . : 129, 90,
i< samples and teeth samples to determine Ly ST,

r
and =<7 Pu concencrations to derive conceatrations of other
radiznuclides

e

2. DJiec and lile style stucdies to provide information for dose
agsessent.

Ed 2 Zetermine the transport and ZJeposition
i :aci:a::;v fallour Iollowing the 3RAVO cesct.
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Prelizinary lizarature search and consultations with Dr. C.a. Sondhaus,
Cnive:sit" 9f California, nas been completed. This has resulted in defining
© uncartainey in information available and establishing the procedural
s “Ha: stculd be carried out towards alucidacing che problem. All avail-
cara on extarnal radiation measurements, radionuclide comcentrations ia
y water, vegecaticn, animal and food items have been collated. lz§5tor:.<:
apies Sollectad from Rongelap and Utirik have been submictad for 7 analysis.
TIilnen:t nec2orological information pertaining to zhe 3RAVO tast have been re-
rened and .He *1:ar:at-on provided to ;awrence Livermore Labora.orv so that
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Tachnical Progress in BY-2 (TY 197%).

- 129 R

Tae I determinations of N
saop.2s will also bSe amalyvzed for =~
are exploring the possibility of analyzi
setzlad on the Japanese fishing vessel. This sample should provide che most
aczurate description of the fallour. The computer simulation of the trans-
Forzacicn and ceposition of fallout will also e cemplered. Final analysis of

3 recent dieec and lilas style study will on completion provide an internal and
2xzaraal exposure astizata. All the dara so gachered will be used o zenerates

a dodei(s) Icov arriving at the dose estimata in teras of exposure at time of
Zzllout. DJiscussions with scientiscs and technical people who were favolved

oil samples will be zompleted. These
and 991e 1f raquizred. In addizion, we

GR-/ou
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19f. Technizcsl Prograss in 3Y-2 (F¥ 1979) fesac.)

with the 3RAVO test will be concinued.

Technical Pwozrass in 37-1 (TY 1980).

Dose estimates derived for exposure durizz Zallout, will be extrapolated
to prasent limes and the model(s) used will be :z2sted for their validiczy based
on current observed dose detaruizations.

1%g. Future accomplisnments.

The rechniques and axper:tise developed in che course of this study could
%e used =0 reassess doses to population in other areas subjected co axposure
Irom Isllout or even occupational situaticns in she pasc.

i3, Ralatiocnsnias zo QJther 2rciects.

3. This study will help astablish dose estimates Srom the time
of the incident to the present, and will complement the aerial
survey for external radiaton measursments, over these islands,
which has been completed. Together they should present a re-
liable picture of doses received >y the populations and also
enable dose estimatas to be projected into the future.

5. This study will be in close conjunczion with the BNL Radic-
logical Safecy Program in the Marshall Islands and with re-
lated programs of the 3NL Medical Departzment. Contiaued
collaboracion with the University of Washingtonr, Laboracory
of Radiation Zcology, and the 3arzalle Pacific Northwest
Laboratory will be zmaintained in che area of sample analvsis
and data interpracation.

191, Zavizonmencal Assessmenc.

Work done under this task proposal has either ao envirommental impact or
nas impacts similar to those described in and covered dv BNL's Zavironmencal
Iapact Statement {ERDA 1340).

29i. Zxplanation of Milastones.

None

“%k. ODther.

None

GK-108
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138. TASK DESCRIPTION (A00roech, reiation 10 work pacxage. .n 200 words or fess)

A comprehensive radialogical safetyv program will he maintained for the
inhabizants of atolls in the Nortnern Marshall Islands contaminated as a result of
the U.S. Pacific Testing programs. The following items and services will be »tro-
vided.

a. ?Persoannel wonitoring and environmental sampling to provide data for 3NL
Jose assessments and determination of radiological trends.

b. Individual and population dosimetry based on actual measurements. The
resulting dacta will be used to modify dose commitmentc prediccive models so thac
they may nore accurataly reflect .u:ure treads,

¢. Continuation of diet and living pattern assessmeats to update relavant
carameters in long range predictive dose e2fforts,

Program activities in the coming fiscal year will emphasize the following:

a. Ia vivo councing and urine bloassay of Rongelap and Utir‘s residencs to
Jetermine dose commitments from environmentally-derived radionucldies at these
atolls, and to better understand excretion kinetics among the Marshallese.

b, Followup personnel monitoring at Enewetak to evaluate any change {n
radionuclide body burden assoclated with -1 year of residence on Snewetak Atoll.

¢. A final determinaricn of radionuclide body burdens among cthe former re-

sidents cf Bikini Atoll.
d. Continuation of analyses of transuranic nuclide excretion rates among

orthern Marshall Islands residents, and of transuranics and fission and activation
sroducts among Marshallese control groups who reslde outside of the fallout araa.

19. CONTRACTIOR TASK MANAGER -, ;
1 ) /
/' ! y f 4/,[(, IMW

e Cf el e

Charles 3. Meinhold ) N.A. Greenhouse 03731780
‘Signeture; Dare)
<3, DETAIL ATTACHMENTS. (See imstructions)
T mranty Requiremaents T a. secxsrouna @.. Future accomplishments Ci. Eexounation ot
milgstones
: 0. Publicationg m., ApProsch 3 N. RASWLIGNINIPS 10 OLNher Drojects : k. 288 petall
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-%a, Facilitv Reguirements,

It is anticipatad

nat work for this proposal will use existing Laboratory
Zacilicies and size utilic

¥y services.

-
-
i

“

23b. Publicaticas.,
fogLicaciouns

Greenhouse, N.A., Miltenberger, R.P., Lessard, £.7. Extarnal Zxposure
“easurements at Sikini acoll, BNL 51003, Januarv 1979.

Greenhouse, N.A. Dosimetry Methods and Results for the Former Residencs of
3ikini Atoll, BNL 26797, November 1979.

Miltenberger, R.P., Greenhouse, N.A., Lessard, E.T. Whole Body Councing
Resules for Inhabitants of the Northern Marshall Islands: 1974-1978, Health
’hysics, in press.

Miltenberger, R.?., Lessard, Z.T., Creenhouse, N.A. Dietary Radiocactivity
lntake from Biocassay Daza: A dodel Applied to 137¢s Incake by Bikini Island
Xe: leats, Health Physics, in press,

20¢c. Purpose,

The primary purpose of this program 13 to aeasure and evaluate the i{nternal
ind external doses to people living on those islands in che Marshalls group which
~ere lmpacted by tropospheric fallour from United States atmospheric nuclear tests
in the Pacific, 1Its objectives are:

a. Direct or indirect measurement of radionuclide body burdens and resultant
Joses and dose commitments,

b. Measurement of external radiation environments and their contributions to
the total doses to individuals and island populacions.

.-
Y

c. Evaluation of dletary habtits and living patterns ingofar as they relate
o the elucidation of exposure pathways and the determination of doses.

2.d. 3ackground.

This program was initilatad in 1974 at the request of the AEC (DOS) ia anti-
cipation of potential radiation exposures to zhe returning Bikini population.

ey

iJe. Approach.

Internal and external doses will be measured and evaluted using accepted and
uo—to-date health physics practices.
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--e. Aporcach :zoant.

Dietary and liviag pattern information will be derived from direct observa-
tions of island residents, and from standardized {ntarviews with i{sland residentcs
2uring prograaomacic field trips.,

Management Controls

Fiscal control will be exercised in the form of monthly comparisons, over the
task term, of actual costs incurred against correspoading line items of the budget.
Tecnnical results shall be monitored through a periodic review, by the Contractor
Task anager, of accomplishments by measuring actual performance as comparad to ex-
pected progress. All work shall be conducted in conformance with generally ac-
cepted standards for R&D and other investigative or analytic procedures, as ob-
served by universities and large independeat researcn facilities including
3rookhaven National Laboratory (BNL).

-Jf. Tachnical Progress.

Technical Progress in 8Y-3 (FY 1979),

External and internal dose equivalents received during residency on Bikini
Island and internal dose equivalents to be received post residency were evaluated
Zor former Bikini residents., Biloassay results from samples collected i{a January
ind May 1979 and prior bicassay results were used to construct individual
g -390y body burden histories. Whole body counting results during 1979 and
results obtained in prior years were used to establish 137¢cg « 137mgg yp-
dividual body burden histories. Daily activity ingestion rates were calculated
from the body burden data. Uptake regimes which besc fit the activity ingestion
rate data were; constant continuous uptake for 905: and stepwise increasing up-—
cake for 137Cs. Dosimetric models which described the uptake scenarlo were de-
cived and individual dosimetric results for persons residing on Bikini Island some-
time during the years 1969 and 1978 were determined. 1In addition, doses due to
residual radioactivity in persons after departure from Bixini were calculated. 1In-
itvidual body burdens, urine activity concentrations and dose equivaleats have been
recorded or stored in a computer data base., Publications and reports describing
z3simetric methods and results, whole body counting results and blological removal
rate constants for Bikinians have been wricten.

Routine personnel monitoring was provided for Rngelap and CUtirik residents.
A statistical analysis was performed to determine the minimum sample size needed to
establish che mean !37¢s body burden at the 90% confidence level, Male and fe-
male adult, adolescent and child categories were counted at each atoll and many
tersons who participated in prior whole body counting visits were recounted. In
addicion, urine bicassay samples were collected from adult and adolescent popula-
tion zroups. Body burden histories and dosimetric results have been completed for
nalf the rasident populations for years following rehabitation of cthe atolls.
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2ut. Technical Progress :zant.

Data collection on types and amounts of food consumed by the Marshallese was
done by actually living with them, Simulcaneous odservacions on their living pat-
terns were 1ilso made. These studies were part of the Norzhern Marshallese Islands
laclological Survey (13-atoll Survey)

Expected Progress i{n BY-2 (FY 19803.

8aseline radioauclide body burdens will be evaluated for the recurning Ea-
ewetak population. =Zvaluation of the pos: residence decline of body burdens among
Iormer 3ikini residents will concinue. The data base on diecary habits and living
patterns will be updacted for all relevant atolls and/or islands.

Zxpected Progress in 3Y-1 (FY 1981),

Personnel monitoring and related demographic assessment activities will con-
tinue at Rongelap, Utirik, Zr2wetak and other areas of interest to DOE. Monitor~
ing of former 3ikini residen:. will be phased out unless circumstances diccate
jtherwise.

Expected Progress in BY (FY 1982).

Personnel monitoring and related demographic assessment activities will con-
tinue in all areas of interest in the Marshall Islands,

20g. Fucture Accomplishments,

A running account will be maintained of individual and population dosimetric
informatioan for the residents of islands affected by the Pacific Testing Programs.
These data will provide an empirical basis for improving the accuracy and value of
long-range predictive dose assessments from man-made radlonuclides in the environ-
nent,

-0On. Relationship ro Other Projects.

This program operates and interacts directly with the Brookhaven Medical Pro-
gram in the Marshall Islands, and provides contempory data to be factored into the
Retrospective Dose Reassessmencs for Rongelap and Utirik (and ocher i{slands af-
fected by weapons test fallout). It also provides empirical bases for upgrading
_ong range predictive dose modelling activites such as those of the Lawrance
Livermore Laboratory. Coordination of this program with related programs within
JOE and {ts contractors will be accomplished through timely exchange of program
findings and related information.

22i. EZavironmental Assessmant,

Wwork done under this task propesal has either no environmental impact or has
iapacts similar to those described {n and covered »y 3NL's Snvironmencal Impact
Scacement (ZRDA 1530).
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-Ja. racilicv Requiremencs.

It is ancicipated that work for this proposal will use existing Laboratary
facilities and stte ucilicy services.

22k. Publicacions.

Data generated in this study has been used in other reports.

-vC. Purpose.

To look for correlations between the incidence of thyroid nodules iz the
inhabitants of Rongelap and Utirik Islands (Marshall Islands) and the reassessed
lose estimates.,

This study will fuse togecher all available information on fallou: from the
3RAVO test and usi{ng advanced analytical techniques (now available) derive real-
istic dose estimates to the inhabitants of Rongelap and Utirik. The results should
-rovide information towards assessment of the risk coefficilents for radiation-
.nduced thyroid disease.

~Jd. Backzround.

Incidence of thyroid nodules, benign and malignant, {n the exposed populi-
ticas of Ueirik and Rongelap has tadicated critical differences in correspona-
znce between nodule incidence and thyroid dose for the populations., The estimat-
<d external dose received from the time fallout began to the time of evacuaticn
snows that the Rongelap population received an external dose (175 rads) which was
asout 13 times that for the Utirik popularion (14 rads), and the thvroid dose was
:oout 10 times larger, whereas the incidences of thyroid nodules in the two popula-
tions were not significancly different,

A preliminary study has indicated that the critical area of i{nvestigaction is
tne period starting from the beginning of fallout to the completion of evacua-
zion for both cthe islands. In addition, the fact that the Utirik populacion re-
turned within 120 days following evacuation, whereas the Rongelap population re-
urned only after three vears, requires that we look closely at the Utirik popula-
tion in termé of a longer exposure period, both internal and external., Further
studies would, therefore, have to concentrate on the re-examination of all avail-
i3le data i{n reports issued »y vsarious agencies during chat period, consultations
<ith scientific personnel invol-ed at that time, idenzifyving cthe areas of uncer-
ziiaty, and using appropriate compucer programs to analyze the data. The end
rasult will enable us to look for correlat‘ons between the incidence of thyroid
nodules and the reassessed dose estimaces.
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-Oe. Approacn.

The study will comprise:

a, Literature search for all available data concerning the 3RAVO test, such
as, meteorological conditions and radiation measurements, Discussions with scien-
tific and technical personnel involved in the BRAVO test.

5. Use of historic samples and teeth sampled to determine 1291, 905:,
and <39, 240py concentrations to derive concenrrations of other radionucldies.
.n addicion, excised thyroid glands from exposed Marshallese will be analvzed for
I and 99T¢ and data so generated will be used to estimate the concentratiouns
of short lived iodine isotapes.

¢c. Diet and life style studies to provide Iinformation for dose assessment.

d. Computer siamulatfon of the BRAVO test fallout to determine the transport
and deposition of radionuclides.

Managzement Controls

Fiscal control will be exercised in the form of monthly comparisons, over the
task term, of actual costs incurred against corresponding line items of the budget.
Technical results shall be monitored through a periodic review, by the Contractor
Task Manager, of accomplishments by measuring actual performance as compared to ex-
pected progress. All work shall be conducted {n conformance with generally ac-
cepted standards for R&D and other investigative or analytic procedures, as observ-
ed by universities and large independent research facilities including Brookhaven
Natlonal Laboratory (BNL).

-Cf. Technical Progress.

Technical Progress in BY-3 (FY 1979).

A preliminary literature search and consultations with Dr. C.A. Sondhaus,
University of California, have been completed. This has resulted in defining areas
of uncertainty in information available and establishing the procedural steps that
should be carried out to reassess the dose estimates. All available data on ex-
ternal radiacion measurements, radionuclide concentrations in soil, water, vegeta-
ion, animal and food items have been collated. Historic samples collected from
Rongelap and Utirik have been submitted for 1291 analysis. Pertinent meceoro-
logiczal data pertaining to the BRAVO test has “een researched and the information
supplied to Lawrence Livermore La“oratory so *hat they can go ahead with the com-
suter simulation of fallout transportation and deposition.

The !291 det2rminations of the soil samples have been complected for those
toric samples that were available. Some of these samples will also be analyzed
%9re, Ia addition, we are exploring the possibility of analyzing “"Bikini-
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-Jf. Cfecnanical Prcgress cont.

ash” the fallout material that settled on the Japanese fishing vessel. These
samples should provide the most accurate characterization of the falloutr. Prelim-
inary computer sioulations of fallout transportation and deposition have been com-
pleted. Data analysis of the recent diet and life style study has been completed.
Discussion with scientists and technical people who were iavolved with the 8RAVO
test 1s being continued. Analvsis of the Marshallese teeth samples for Pu Lsotopes
{3 in progress.

Expected Proeress in B3Y-2 (FY 1980).

A final report on the diet and life style for the Marshallese will be com-
pleted. The computer simulacion of fallout will also be completed. Thyrotd glands
rom the exposed Marshallese will be analyzed for 997¢ and 1291, Analysis of
the "Bikini-ash” will be done as soon as we get an aliquot of the sample. It is
also expecred that data on the exposed Japanese fishermen will be made available at
thact time. Preliminary analysis of the data generated so far will be made using
2xisting models. The results will be extrapolated to present times so as to test
tne validi{ty of the models used.

Expected Progress in 3Y-1 (1981),

Final dose estimates to the exposed {nhabitants of Utirik and Rongelap should
e completed. The methodology developed wi{ll be extended to Likiap and other
islands which were on the "fringe" of the fallout pattern.

20g. Future Accomplishments,

The techniques and exper:isé developed in the course of this study could be
used to reassess doses to population in other areas subjected to exposure from
fallout or even those resulting from occupational situations in the past.

20h., Relationship to Other Proiects.

a. This study will help establish dose estimates from the time of the fnci-
dent to the prasent, and wi{ll complement the aerial survey for external radiation
zeasurements, over these islands, which has been completed. Together they should
present a veliable picture of doses received by the populations and also enable
dose estimates to be projected into the future,

b. This study will be in close conjunction with the BNL Radiological Safety
Program in the Marshall Islands (HA=02-01-02~Q) and with related programs of the
3NL Medical Department (HA-02-J1-01-0)., Continued collaboration with the Univer-
sity of Washington, Laboratory of Radiation Ecology, and the Battelle Pacific
sorcnwest Laboratory will be maintained {n the area of sample analysis and daca
{nterpretazion. '
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-Ji. Znvironmental Assessment.

Work done under this rask proposal has eilther no environmental f{mpact or has
{mpacts similar to those described fa and covered by BNL's Environmental lmpact
Statement (ERCA 1540),

-0j. Explanaction of Milestones,

None

201, Qther,

Hone
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22, Jetall Atc3cazents:

a. Tacility Requiraments.

It s anticipated that work for this sropesal will use axistiag Laboratory
facilizies and site utilizy services.
5. Publizacions.

Lessard, I.7., Milzenberzer, R.?., 31d Graenhouse, N.A. Dietarr radis-
’ .
aczivizy iataxke frcm Sicassay data: A model applied 22 Cs5-127 iatake v 3ikias

island residencs. 3Heal:a Zhys. 39, 177-133 (1980).

Hilzaenb erge:, R.?., Greenhouse, N.A., and Lessard, Z.7. ~hole 3cdy zsunctinag
T2sulis {rom 1374 =5 1373 for 3ikial Tsland residencs. Health Phvs. 39, 395-307
L320).

Mdiltez-terger, R.2., lessard, I.7., and Greezhouse, N.A. =49 3ad Ts-137

LIng ta2r= diological removal rate counstants Scr the Aa-ahallese popu-a-.on. deal:zh
?hys. 7in press).

Lessard, Z.7., Greenhouse, ¥.A., and Yiltenberger, R.?. A reconszruczion aof
shronlc dose aquivalents for Rwugelap aand Jririk residents - 13354 zo5 1989, NL-
22587, Dcszober 1380.

Lessard, Z.T. Rate constants for biological eliainaticn of 3trsaziua i
Casium {n the Marshallese population. Presented at the 25th Annual C01fereqce e}
3icassay, Analyctical and Zawironmental Quality, Las Vegas, Nevada, Octcher, 1379.

Lessard, Z.T. Body Surden jeasurements as Jdetarunined Srom whola =odvy
tounting and urine bloassay. 2resented az the 25t innual Conference on 3isassav,
Analveical and Zavirommental Qualicv, Las 7egas, Nevada, October, 13579,

Lessard, Z.7, Dose assessaent for wvngelap and Ttirik residencs 1333 oo
Prasent. 7Presented at the 25th Anaual Meezing of the Heal:th Physics Sociaty,
Seattle, Washiagtoa, July, 1980.

2. Puroose.
The srismary durcose of zhis program is £o 1easure and avaluate the iaz
nd extarial dose 2quivalancs =9 persons Liviag ada those islands {1 the fassh
3T3up which wera impacted v Iraopossheric Zallout from Unaited 3zatas ataoson
Tucoear t2sts in the Pacific. Iis objectives ara:

L. dizrzct or f{adiract zeasurement of radionuclide Sodv bSurdens,

1. measurement of :the extarnal radiation 2aviroment,

-
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3. evaluation i diet and liviag catteras insofar as zhev ralaza £a she
idenziflcazisn of 2xposure pathways and :he detarmination of dose aquivalaeacs,

4. assess prospeciive dose equivalents for persons raeturalzg %o atoll
contazinated durizg the weasons tastiag neriocd, and

3. maintain coaparison daca and sersonnel 2onizoring and dose equivalane

data Ior individuals exposad o ‘issian and activation products and =transuranic
nuclides {n :he Marshall Islands.
<. ZacezTIund.
AL S L

This prograz was imitiazted 4{n 1974 1t the reduest of the irsmic Zaargy
fezaission [2CS) ia antizipation of poreacial rsadiation exdosursas 22 the rasurain

3ikiny zonulazion.

Internal and extarnal dose equivalents will Se avaluated using accepted and
up=tc-dace healtia onysiss sractices.

Jlerary and living jsattern iaformacion will be derived frag direc: sbserva-
clon and iagarview with persons residiag on atolls of izterest, Thase iatasvisws
w#ill e standardized and czonducted during whola=body :sounting Zield zrips.

Analvsis of soil and Zood chain relatad plants will zscatiauve ia asrder -a
Telata radiocactivity ia Isod zrops wizh Sody burdens. Coconuts, soil, sap “ran
trees and ocher diet izems will bYe zolleczad Ffrom rasidencs or food source

1 control will bYe exerzised in the fora of =onthly ccmparisons, over che
task z2ra, of actual costs incurved agaiast sorraspondiag line items 57 the Sudg

a2

r

at,
Zechnlcal reasults shall e monizsred through a periodic raview, Sv zhe Coarractsrt
Tasx anager, of accomplishmencs dy neasuring ac:ual cerfsrmance as :saparad =5 2x-
: rsgress. ALl work shall Se conduciad in coaformance with gensrallw
aczest2ad standards Zor 8D and other iavestigzative or analvei: proceduras, as cb-
servad Dy universitias and large i{zdesendent research facilities inecluding
3z

20«-avan National Laboratory (3NL).

(



Mfarshall Zslands Radiological RECSRESRE Sl DEFICBUICH
3aargy P2rogram
TINTRACTIOR NaAME 223 NP NUMEER TASK NO. 28 NG
Associated Universities, inc. INL o]
23 Cezail Attachzents. <onk.
<. Tachnizal Prograss,

achnical ?reograss in Y 1980.

12 February 1280, a field trip was undertakan :o Japtan and Znewetak Islands,
Inewerak Atoll and Ujelang Island, Ujelang Aroll to cbraiz baselize bodv-3urdea
iata on the Inewezax jopulation prior 2o :he* r2satriation of Inewerak Atall ia
april 1230. Pa-sonmel zonizoring was acccmplished :shrough whole-dodvy zountinag and
clleczicn o7 ane Li:er urice samples Irtom 3ll persons five vears of age and older.
t Ujelang, aonparcicipaats in the whole-3ody countliazg program wera lavitad to
rovide urize samoles- Aporoxizmately 400 uriae samples warze collected and are

rranily bS2ing speciTomectvically analvzed for zam=za amiiters and radischeai-
lv analyzed Zorv 3r-90. iddiziomailv, carzizizaats srovided paysizal and
mograrsnis dats

NS I e ]

vhola=S0dy counting was ceaduc=ad with Iwo independent chair counting svstaas
n whigh a sodiuz icdide datacist was posizioned L fraac of a salelded person.
The sollid angle of the decesczor paraiited sollaction of chotrons emiited from Zhe
trung of an adult Sody. This gecmetry allowed safe ancry and egrass with com
sarable sensi:ivicy ralative to the “ed zeometry used Lia pricr field =rips.

Aporeoxinately 300 spectira were obtained Irom ladividuals on Japrtan, Inewerak
and CUjelang Islands. These specira were znaivzad for Cs=i37 iand X~-40 usin
zalidracicn standarsds whizh Sest z=atched the sex, neizght and waizht of =he zer—
son. additional analyses were periormed to detarmice the fraguency discriducion
stacistics for various age and sex subgroupings of zhe “ody buriens. Qualizv as-
surance “as oStained through duplicate whole-2edy counts and rapetitive point
source standard counts t2 determine che jrecision and aczuriacy of the systaenm.

Suring the July and August 1980 field :zrip, whole=body counts and urize
aaolas were collected at Majuro Atoll and Xili Islaand Srom Sormer 3ikiani Ataoll ra-
5ideais aad Ircm a ccomparison population. Aporoxizacalv 200 spectra were obtained
and 100 urine samples callectad. FTifzy sercent sf :the specsra wera “ram nersoas
Jho were residents aad vhole=b%ody countad 3a 3ikini A%o1l <12 spril 1930, 10 cerzen:
~are Ircm Iorzer 3ikiail Aroll residents not countad before and the remaizing
spectra were from a ccmparison group who 2ad zever rssided on 3ixial Atoll.

A quallicv assurance grogram siailar o that 2=zploved a3t Inewerax was used.
Reviaw 3f che aistoviz 3ikini wnola=s0dy :ountiag daza Indizaced nc 2ffects 2n
sody=~Surien assess:ent due 5 reconiiguration of the shialdiag and decaczor. Zom-
5ecusive leasuraments of a farzer 3ikial rasident's bHody Surden allowed compucazion
3 individual long-tarm b»iolosgical removal rate coaszants. This daca aloag with
the zethodology Wers wriitan up and issued a1 a orizary scleatific publication.

At Xili 1sland chere were Zormer 3ikini residents whose Cs~i37 body 2urden
Tamained unchangad or iacreased. Reasons for tnis zuclide deing present Lz cheir
lurreant disv were iavestizarad., This work snowed zRat these burdens were within
hr2e sctandard deviacions 3f the zean Surdasn of the somsarison ponulation exzase in
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T2cnnlcal Preogress in FY 1980 cont,
a Za2w cases. 3durdens elevatad above this level could Se at=riSutaed ta recans
ingestion of 3ikiazi Atoll food which had Se2a transporzad =5 Xili Island.

b= by

i:izan =11k samples had Seen obdtained froa Isur lactazing adulr former 2ikiai
famal:s wacse C5-137 Sody bdurden had Seen defined Sv whola~haodv countiag and
cadlzcnenical analysis of urine. Milk samples along wizh 3ikial Island coconut
Ira2 10 and nuts were analyzed Sv 3amma spectiroscopv and acomic absorption to de-
Tarm.=2 the Jrasence of C3-137 and X-4J. esults were usaed =0 a2stimagrs the T3-12
o< s.rien I3r lMarshallese iaficzs whese srizarr Saod Supoily was uzan =ilk and
ITetnus Irae zradulIs.

ctivity ingestlion racas and Ifuturz 5o0dv Surdeas fov Cs-137 were 2sti=zaczed
Izr Z-2 zopulazion who 2@y racurn to Zaue Island, 3ikiai Atell. This orojectlon
iowslvzd a4 2eterzination of 2ezivisZv transfar factors caleulazad fram 2oagelap and
Ilainl wnola-20dy counting data and fram 2czivizv concencrcacioa analvses 2f coconus
1722 producls. These factors were comparaple Zar Yoth azolls and dose-equivalant

lizmziimants were pyrojectad Zfor adul:ss.

tive and contemporary external axposurs rate data, whole=body coun-
radiochez=ical analwrsis of urise and :-aod 13ata ware raviewed for zhe
1334 to December 1987 for the ongelapese and Ttirikese. Dosigmetriz
7 Yes: described the uptake regize wete coanstrucrad for the auclides of
S Da;-y activicy iagestion rates, whole-%ody dose-s=quivalanc rates aad
zuivalan: commiznents to va:ious organs Were deterained., Zopuliation dosize-
s

ios2 =
TT r2suils aad 2schods were writtan up and raported in a 3NL sublicatioen.
Indiviiual desinetric data records are -mainzsized at the Laboracory.

Zuzeczei Progress fa FY 1981,

?arsonnel monitoring and relatad demographic data will Se obrtained “rom res-
idenrts 37 Reagelap, Utirik and Enewerak and other areas of interesc -0 DOE. The
data :asa on diet and living patzerms will Se updactad Sor all relavant arolls
ani/

2 37 .s5.3ads.

Ixoectad Progress in T 1982,

Zvaluation of the decline 2f Sodv Suriens among Zormer 3ikinl Tsland

)

n23 will continue Jor that perzion of :le copulitisa i rasidsance on ‘laiurs
a7 Xili Island. Personnel =onicsrizg will contiaue a3t Znewstax Azall
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. Technical Progress cont.

Ixpec=2d Progress ia 7Y 1983,

adionuclide bHody burdens will be evaluated Sor the populatiasn 3 residence
at Znue Island, 3ikial %toll. Personnel 3on1:oring and related demographi=z
assessment activities will continue L{n all areas of ilacarest {n the “Yarshall
. .
slands.

2 Future Aczomolisthmentcs.

A dosizecric history will e 2aincaized Ior iadividual residenzs of :zhe
darshall Tslaads affacted by che Pacifiz Tesciag 2rograms. These daza will srz-
side information ragarding she uptaxe, ratentism, and axaretisn of radiocactive
zacerial and will iaprove the accuracy and value of loag~range psrediccive dose as-
sessnencs Irom z2an-made radionucliides i1 the 2avironment.

I e

i
-
-

1. Ralatisnsnis =5 Cther 3=9-acs3.

Thils program operates and iataracts directly with the 3rookhaven Medizal Pra-
3ram in the 'farshall Islands, and jrovides zontemporacy data :3 be faccszred

the Retrospeciive Uose Raassassments for ongelao and Utirik (and ocher isian
facted Hv weapons cest fallouf). It also providaes empirical dases far upgradi
iong range pradictive dose moedelianz activizes such as s-ose of the Lawrence
“iverdore Laboratorv. <Coordination of this program with related programss withia
20T and its contraczors will be accomplisned through zizely axchange of progran
iiadings and ralated iaformacion.

L. Zavironmental Assessdent.

“ork done under :3i3 task proposal 21as either 70 2avirommental izpac: or -as
faracts sizilar to those described in and covered »y 3VL's Zaviromnmenzal Izpac:
Stacament (IZRDA 1340Q0).

L. Jzher.

Capital Squipment in 7V 1983,

An {atrinsic Ge(ll) whole %0dv counting svstam i3 needad 5 pjroviie =
lsziant and effeccive odperation in the Marshall Islands Radiolsgical 5afs:
graz for counting low anerzy dhotons emitzad Srem transuranic auclides. This
s7gtem {3130,200) and associatad shieldi=g and bed equisment (525,200) will be :sed
23 1easure body bSurdens of transurani: auclides in persons at ZIaewermak itall it
levals Telow the amaxizum 3llowable for zembers of che zeneral public. ?2Praspecs
iose 2quivalents for bSlood forming organs will bYe assessad based on cthese
leasuraments.

rv o
(41
w
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Zanizal Zguiosmanz ia Y 382, 2onc.

A word processor (322,000) for the Marshall Islands Radiological 3afazv Prs-
gram 2 2rovide mors afilzient and affactive operation will be needed :o oreparaz
orimazv scienzific oublications and to prepars, =odify and storve iadividual
dosizazzy, Sody Surden, “ioassav and 4e~cg—‘”n-. r2gords o the {anadniszants oI zhe
Marsnall Islands ineluded ia our szudy. The proc2ssor will Se ised 2135 In zhe
oreparaciosa of tTip Caporcs, scnedulas and other adainistracive writinaz,

, - b2
/.‘-y =D g~ ': -
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2cse R2assessmant Ior onzalao RECDRESMER PEPECOUE D
RTINSy
IINTRASTIR NaAmE olay 48 NUMIER TASK NGO EY NG
A55CCIATET LAIvArsities, A . 3N ) z
23 Cecall attacinencs:
3. T2cllizv Qequirsmencs.,

is ancicipated that work ZIor this proposal will use existiag Lalsrazsce
s and site utilicy services.

4

A+, and Yaight, J. Marshall Islands: A 3tudy o
313, Julv, 1380,

re

Gr2enhouse, XN.
t-aras. 3BNL 31

Lessar<i, I.T., Greenhouse, ¥.A., and Mil:zanberzer, R.P. A Reconstructicn of
“hoaniz Tosa Tguivalenss far Tongelap and Ttirik Residencs - 1935 zo 1980, 3
2.13T, Zczszer, 1389,

2. 2ersos2,.
The surzese of this research i3 t£o refine the astizarad thvroid adsorved
sed ¥ 2exdbers of the ongelap and Uzirik Azoll osopulatioms L2 th
lzads. These Joses will e zompared £o TRz thyrsid noduls incidence %o
srzatisn tawards assessment of the risk ccefficients far radiatiasn
rrald diseasa,

lacidence af thyroid nodules, benign and =2alignant, iz the exposed popula-~
tions 3 UTtirik and Rongelap has indlcated critical differances L1 correspondence
bezween nodule Iincidence and thyroid absorbed dose for rhese pooulations ralative
S9 Inal T2portad DY the Japanese Tumor Registry Life Span Study or the sther popu-
l3ticns under scudy as repevted {a 3IIR III. The esctinartaed axcernal fase racaived
32 tha tize Zallout Yegan 5 the :ize of evacuation shews ::at =he adulz Rongelap
sozulatisn racaived an exzarnal absorbed <Zose (LT3 rads) which wvas abour 13 Zinmes
t2at Jar :the Tetirik sopulation (14 rads). The thvroid absorbed doses wera
“izazad originally <9 e several zizes these axtarnal doses.

A sreliminary study has iadizated that the laporzant dosimetric araa of
imvesczizatlion 13 the jeriod starting ‘rom the Yeginnizg of fallout 23 the complae-
2ion 9f a2vacuation far »oth the islanmds. Ia addiszisa, the fact that zhe Usisi:

P4
fopulation rscurned withia 129 daws Jolloswiag avacuation, wvherzas tle ongel:z
sozusation returnad afzar thrae vears, reguires tha: the ::; ik sopulazion He
2xazined Zosizerrizally in zfemmas of 3 longsr axposure jeriod, Hoth intarnal and
2xi2rnal, Turther scudies would, therefore, have =o concencrita on zha Taaxanina-
mion 37 21l availabie Zata ia ra2ports issued Sy varisus agencies 3during that
seriod, z2nsulzations with scientiiic personnel favalved ar :that =ize, ideatiirizg
Zhe ira2as o3I uncertaiaey, ind wsiag 2p0prapriate comsutar programs o 2nalvze :ae
iaza., The 2nd resul: will ezatle comparisons Setween :he iacidencs 57 :zhvraid

~cdilas 2nd the raassassed 2ose asti2atas.

) . - <
/‘/, LT~



Josa Raassesszment far Ioagelan SEC RS SR ON 1 ne 20
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a. Azorzach.
azorc3ch

L. literature search for all availa®la da-a 23ncar-ing == 334YD zesz, such
as, zecaorological zondizions and radfazisn zeasur2menzs, ind Ziscussions with
axtoszl Marsnallase and with scliantific and zazknizil cariconal iavelved L4 the

tar sizulazion »f =he 324V7 sest 3z
and izzositioa of radisauclides,

Do use of nistoric 3RAVD fallsur Tzéitactivii 3izolis =3 fassiwmmiaa tha

atundznze of I-1272 azsms per =wniz 33AV0 zeziod

PR

Tiscal conirol will Se exerzised iz zhe o= of =enzniw zempariscns, cver
fask t2ma, of actual costs incurTed agaliast corrasponding line izsms of the Sudgzez.
Technizal resulrs shall be =onitared through a periodic revisw, dv tha

Task llanager, of aczomslishzenzs Sy 2easuriag aczual serisrmanca 3
sregress. ALl work shall %e conduczad ia cenfarzance with 3 3
. staandards for R&D and other izvestizative or analvric srocaduraes, as
9serv=2d Dy unliversicias and larze iadependenc res ilizles in
39<n3ven National Laworazory (3NL).

'1

IUQ"

.

<. Tachnizal 2ragress.

Ta2chnical Progress ia TV 198C,

A Tapor: oa the diet and living jattarn af zhe Jongelavese and Utirikese nas
ean z:iz2lacad. The computar siaulazisn 3f ‘aLLCu: 15 teing T2fcrmulacted vizh
322izional dara that has “een acquirad. Thyroid zlands f-om the axodosed
Harsnzllase lave “een analvzed for Te=99 and I-129. Aporoxiaataly 30 aistoric soil
sa=plas Rave Seen analvzed for 1297 and seher dosizetrically izaporzant auclides.
?r2lizinary dose assesszent Jgv the aren 1394 axnosad ;opu¢a:ion 1as “een
serisrzed Dy two iandependant merhoeds (soil analysis and radiochemical znalvsis o7
arineg) Icr rasidents o Rongelap Island, Rongelap Arell. Addi<icnally, a rangrs

Tas Te2n csmol2tad on the dose 2quivalent followiag rehabdization of Rongelap and
SIiTix Azalls er the March 1954 avacuazisn. Thls work iavolved deterzinazisnm of

4 W
o o .
O T

J08C T2rurn Tk id and ot-er orzan Zosa ecui?ala1" Ior individuals znd 2coulzzion
3Touss tasad on Ristaris 21ad sontsanerary whole tody ssuncting and urine ticassav
T2gulczs.

S =L
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2C. 2ecall Atrachzents. cont.

Z. Technical Progress cont.

Expectad Progress in FY 1981,

Additioral samples of s0il, food and ash will Ye analvzed far I1-129. Sr=-3C
and Pu-239, 240 analysis >f teeth saaples, especially -hat “ram axposed

tadividuals, will be done. DJaza Zerived ‘rom the "3ixial Ash” scudies will e
factored into the raflnemeat 2f the jose astimatsa. Diet and living paczerz studies

will bSe updatad.

.

x2ected Progress ia FY 1932.

11

Factors such as solubilizy of icdize isotopes ia fallaut, che possible zon-
tribution frcm neutrsa fnduced activity, the lapact s3I thyvroid seexers other than
lodine isotopes on dose, aad zonfidence lavels for values of derived quantitiss
such as airborne activily concentrazions duriang fallouzr will be investizated. Dlet
and iiviag patsern sctudieg will Se :pdaced. ‘

Expectad Progress {n 7V 1983.

Jiat and 1living pattern studies and dosa reassessaent will coatinue uatil
coupletad for all areas 3f {fararesc in zhe Macshalls.

FE Future Accomplishments.

used o reassess doses :o populazions L2 other areas subjezzad to exposura fron
Zallout or 2ven thcse resul:ing from occupacional 3izuations iz the past. Addi-
zlonally, this study will provide a better estimate of :he =rue value far thv-
T31d nodule incidence per uniz rad snabling techaically sound risk Saccors 2o Se
assoclataed with ioalzing radiation exposura.

The techniques and experzise leveloped in the course of this study could =e

n. Relationship to Other 2roiects,

-

L+ This study will help 2stabliish external and iatarnal dose estisates from
the zize of the incidant =5 the present, and will complemenc zh:e 3erial survev ar
2xT2raal radiation 3Jeasuraments, sver :chesa islands, vhizh has =een complarad.
Togecher they should present a reliable pizzure of doges reczived Yv ke
copulicions and also enable l3se astizatas =0 be projeczad iats the Sutura.

2. This study will be in close coniunction witk The 3NL Marshall Tslands
Radioslogical 3afacy Program (ZA-)21-31-92). <Contilauved colladoracisa #izh the
“aiversicy of Wasniagraon, Laborazsry of Radiation Zcology, and the 3aztelle Pacific
“orthwest Laboratory will Se zaintained {n the area of sample 2nalvsis aad data
Lazaryrazacion.
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Marshall I[slands Radiological Safetv Program
and Roagelap/Utirik Dose Reassessment 2roject
- A Historical Synopsis
Preface

From the mid 1940's to 1958, the United States conducted its' high-vield
nuclear weapons teasts at 3ikini and Enewetak Atolls in the tropical ?acific.
These remote groups of small islands lie about 2,500 miles southwest of
dawaii, and are part of the “Marshall Islands District of Micronesia. At that
tine, most of YMicronesia was the political ward of the United States which
acted as trustee under a United Nations mandate establishing the Trust Ter-
ritory of the Pacific Islands (Micronesia) after World War II. Currently,
this region, known as the Marshall Islands, intends to enter into 2 Compact of
frz2 Association with the United States.

The largest of the nuclear tests was the "BRAVO" event which took place
at 3ikini Atoll on March 1, 1954. Radicactive fallout from this detonation
was carried eastward by prevailing winds, and resulted ia radiation exposures
to Marshallese people living at Rongelap and Utirik Atolls a few hundred miles
away. The exposed population of these atolls plus a comparison population are
frequently examined by Brookhaven National Laboratory Medical persoanel to de-
tect and care for long-term health effects due to their exposure to radiation
from the weapons testing program.

In addition to the high-level radiation exposures to the Rongelap and
Utirik people, the nuclear tests also left a legacy of environmental radio-
activity which, because of its lower level, is not expected to cause adverse
health effects. However, residual radiocactivity in the environment will
contribute radiation exposures above natural background levels to people

living in these areas.



In 1968, President Johnson autiorized the ratura of 3ikiai Atall =0 its
orizinal inhabitants, most 7¢ whom were liviag on Xili Island abour 300 =iles
to zhe south of Bikini Atoll. A similar authorization was ziven for *he ETa-
ewetak people who had been 1oved to Ujelang prior to th c:esting at their home
atoll. Because of the residual radioactivitv at 3ikini and Znewetak, en-
viroanental monitoriag programs were established to assure the people that the
low-level radiation exposuras (which residents would resceive from liviag in
these places) remain within acceptabls limits. The dose-equivalent limits are
those recommended by the International Commission on Radiological Protection
(ICR?) for people not occupationally exposed to radiation.

The U.S. Department of Znergy had assumed the old Atomic Zanergy Com—
aission's commitment to provide continuing followup for the medical and en-
vironmental problems caused by the Pacific testing programs. Begianing ia
Harch 1954 to the present, the Brookhaven medical team has provided medical
care and radiation protection guidance to the exposed population. They
studied internal radiocactivity levels through radiochemical analysis of urine
and blood and through whole~body counting. Since the logistical support for
3rockhaven medical team visits to Rongelap and Utirik had been established, it
seemed reasonable to have the envirommental and radiological safeﬁy assess—
ments done by the Safety and Environmental Protection Division of Brookhaven
National Laboratory as well.

The 3afety and Environmental Protection Division undertook environ-
mental measurements for radioactivity as early as 1974. In 19783, whole-body
counting and radiochemical analysis of biological samples were transferred

from the Medical Department to this division. At present, the program



iavolves up to 3 field trips a vear to the Yorthern !larshalls. Measurements
are made of externmal and in vivo radiation levels. Samples are collected for
laboratory analysis at Brookhaven National Laboratory to assess the radioac-
tive content in soil, food products and humans. A major component of the
fi21d work involves haviug representative individuals monitored for radio-
acctivity content i{n their bodies. The following is a brief description of the
Satfecty and Eavirounmental Protection Division's programs 1in the Marshall
Isiands starting from 1974 and covering current activities.
FY 1974

Negotiétions between the Division of Operational Safety of the old
Atomic Energy Commission (AECDOS) and the old Health Physics and Safety‘Divi-
sica of Brookhaven National Laboratory (BNLHPS) resulted in a proposal submis-
sion to begin the Marshall Islands Radiological Safet: 2rogram (MIRSP). Law-
rence Livermore Laboratory (LLL) had and still has a parallel program, Mar-
shall Islands Radioecology, which concentrates on Enewetak and Bikini Atolls.

An orientation field trip was arranged for Greenhouse and Ash of BNLHPS.
They accompanied the BNL Medical Department's spring medical survey to Utirik,
Rongelap and Bikini, in April 1974. Nelson, of the University of Washington's
Laboratory of Radiation Ecology (UWLRE) also participated in this field trip.
Plans were made to collaborate with UWLRE in the future. This field trip
included physical examinations, in-vivo whole-body cdunting and urine bioassay
sampling of all three atoll populations by the BNL medical team. FExternal
radiation measurements and sampling of groundwater, soil, plants, fish and

coconut crabs were performed by Greenhouse and Nelson.



FY 1975
The Marshall Islands Radiological Safetv Program was formally initiated.
funding levels were $125,000 for operating and $20,000 for capital aquioment.
Statfing levels were 1.5 man years scientific and professional and 1.0 nan
year technical support. Greenhouse directed the program. Arrangenents wers2
made to upgrade the BNLHPS analytical lab with the additions of a computer
based multi-channel analyzer and a high efficiency GelLi detector.

Greenhouse and Nelson, in a joint UWLRE/BNLIPS field trip to the
Northern Marshalls in December 1974, collected environmental samples and made
extarnal radiation measurements at Rongelap, Utirik, Rongerik and Bikini Atol-
ls. Greenhouse, Williams, and Kuehner of BNLHPS, Reilly of the State of Pen-
nsvlvania, Davis of Pacific Gas and Zlectric, and Nelson of UWLRE participated
in an April 1975 field trip to Bikini Atoll. They collected samples and de-
fined the external radiatlon environments of Bikini and Enue Islands. Limited
soil and vegetation sampling were done at Bikini and comparison environmental
samples were collected at Wotho and Kwajalein Atolls. This field trip es-
tablished the groundwork for a major interagency survey of Bikini and Enue
Islands in June in which Greenhouse participated. This survey included soil,
groundwater and some vegetation sampling. It was performed jointly by LLL,
UWLRE, the Eavironmental Protection Agency, and BNLHPS. Their primary ob—
jective was selection of locations for the secoand increment of house con—
struction on Bikinl and Enue Islands by the Department of the Interior.

FY 1976
Funding levels were $172,000 operating and 320,000 capital equipment.

Staffing levels were 2.0 man years scientific and professional and 1.0 man

£~



years technical support. Major equipment purchases included a Lawrence
Livermore Laboratory Pgrtable Gamma Spectrometer and two Reuter Stokes En-
vironmental Radiation Monitors. VNaidu (BNLHPS) joined Greenhouse tao form the
program's principle staff.

telson and Greenhouse collaborated on a field trip to Majuro, Ponape,
Truk, Suam, and Palau, as part of the UWLRE Pacific Basin Study. Greenhouse,
Naidws, and Kuehner of BNLHPS, Haughey of Rucgers University, Terpilak of the
Department of Health, Education and Welfare, Bureau of Radiological Health
and Xastens of University of New York at Stony Brook, Marine Science Center
participated in a ﬁarch—April field trip to Bikini Atoll. Their primary ob-
jectives were beta and gamma dose rate measurements on B3ikini Island and a
general radioLogical survey of Nam Island in the northwestern sector of the
atoll. This survey included limited soil and vegetation sampling- A joint
BNLUPS and UWLRE survey with the BNL Medical Department was undertaken in
September. The BNLHPS objective was to perform an eanvirommental radiation
survey at Wotje, Ailuk, Utirik, Rongelap and Bikini Atolls. Special efforts
focussed on several northern islands at Rongelap.

PUBLICATION: Marshall Islands Radiological Followup, N. A. Greenhouse

and T. F. McCraw, BNL #20767.

PRESENTATIONS: Marshall Islands Radiological Followup, N. A. Green-
house, Presented at the Ninth Midyear Topical Symposium, Operational Health
Physics, Denver, Colorado, February 1975.

FY 1977
Funding levels were $207,000 for operating and $80,000 for capital

equipment. Staffing levels were 2.0 man years scientific and professional



and 1.25 man vears tachnizal. An addizional N.25 man vears for -achni=al! sup-
Dort vas obtained from the new Safetv and Zavironmental Protection Division
{3NL3ZP formerly BNLHPS). Miltenberger (BNLSEP) reolaced Vaidu and doined
Greenhouse as principle staff. A request from the Energy Research and De-
velopment Administration, Division of Safety, Standards and Compliance
(ERDADSSC formerly AECDOS) to add air sampliag equipment to the radinlogical
surveillance program at B3ikini was raceived. ZRDADSSC also requeszad ia vivo
councing »f the Bikini and Znewetak people. Major equipment purchases ina-

cluded four wind-powered elactrical zenerators, three multichannel analvzers

and -wo soidium iodide (Nal) detectors.

During a September 1976 BNL medical survey to Rongelap, Knudsen, 2 Medi-

cal Nepartne~t physician, was requested by the residents of Rongelap to have
Naidu of 3NLSEP stay on Rongelap Island and instruct the people ia radiation
sciences. Naidu was funded by the Znergy Research and Development Administra-
tioan's Division of Biomedicine and Environmental Research (ERDADBER) and spent
six weeks during January and February 1977 educating the Rongelap people on
matters pertainiag to the effects of :adiatién on man.

During April and May of 1977, BNLSEP's Greenhouse, Miltenberger and
Levine went to Utirik, Rongelap and Bikini to do site planning for wiad-
powered elactrical generators and air sampling stations. Together with a con-
ventionally powered comparison air sampling station, which they iastalled at
Kwajalein Island, Kwajalein Atoll, these stations initiated the long-term sam-
pling program for air activity coacentrations of plutonium. Fossil-fueled
zenerators were judged incapable of supplying continuous year round power on

outer atolls. Wind-powered generators were thought to be capable of supplying
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power for a 12 nonth period without needing repairs. Ia addition, wiad-
powerad 2lectrical generators were virtuallv noiseless compared to zasoline
powered electrical generators. They offered the possibility of collecriag a
larze volume air sample without disruption >f quiescent village living nat-
teras on outer atolls. A plutonium excretion study was also undertaken by
collezting pooled large-volume urine samples from three to five families at
each atoll except Xwajalein.

Zarly ia 1977, the question of the past dose aquivalent to the Marshal-
lese who have lived on Rongelap and Utirik, had become an important scientific
and nhealth ralared question with considerable political overtones. Bond,
3org, Conard, Cronkite, Greenhouse, Naidu and ‘feinhold, all members of 3NL,
and Sondhaus of the University of California, College of ‘Medicine (UCCM)
initiated technical evaluation of the issue.

FY 1978

MIXSP funding levels were $207,000 for operating and $10,000 for capital

equipment. étaffing levels were 2.0 man years scientific and professional and

2.5 man years technical support. Greenhouse and Hiltenberger made up the pro-

t

0Q

ran's principle staff, Cua and Knight joined the program staff part time.
“1ajor equipment purchases consisted of peripheral alpha spectroscopy equipment
for plutonium anatyses of environmental and biological samples. As a result
of earlier discussions by Bond, Meinhold, Naidu and others of BNL, a proposal
for Rongelap and Utirik Dose Reassessment (RUDR) had been forwarded to the De-
partment of Energy's Division of Biological and Enviromnmental Research
(DOEDBER formerly ERDADBER) and the program was funded with an operational

bucdyet of 377,000, Staffing levels were 0.5 man vears scientific and profes-

sional, Naidu and Greenhouse were the RUDR program's primary staff.



In October 1977, three wind-powered electrical zenerators and long tern
air sampling stations were installed at Utirik, Rongelap and Bikini Islands by
nembers of BNLSEP and the owner/operator of Znertech Corporation, the seller
of the wind-powered systems. A second comparison station was Il.stalled at
Roi-Namur Island, Kwajalein Atoll. 1In addition, large volume urine samples
were collected under controlled conditions from five to seven Marshallese mal-
es at Utirik, Rongelap and Bikini. All of this work was performed by Green-
house, Levine, Dillingham, DeAngelis and Cua of BNLSEZ? and by Sherwin of Ea-
ertech Corporation. Also in October 1977 Miltenberger of BNLSEP and Cohn,
Rothman and Clareus of BNL medical atteméted to whole=body count the Marshal-
lese population residing at Japtan Island, Enewetak Atoll. Due to an un-
certain political and social atmosphere, it was decided by the new Department
of Energy's Division of Safety, Standards and Compliance (DOEDSSC formerly
ERDADSSC) that BNL refrain from involvement with the Marshallese on Japtan Is-
land. At that time, the focus of the field work was switched to counting 35
Holmes and Narver employees who were residents of Enewetak Island.

In January 1978 Balsamo and Sherwin returned to Bikini, Rongelap and
Gtirik to complete wind-powered electrical generator installation and repair.
In April 1978 Miltenberger, Lessard and Naidu of BNLSEP participated in a
joint field trip with BNL Medical on Rongelap, Utirik and Bikini Atolls. At
Utirik, the BNLSEP team collected urine, soll, vegetation and fish samples for
radiochemical analysis. They also collected 5 day high-volume air samples and
Anderson cascade impactor air samples. The wind-powered electrical generator
at Ctirik was not working and could not be repaired. Naidu remained behind on

Utirik for several weeks to teach the biological effects of radiation, a nro-



gram similar to the one given on Rongelap in 1977. Lessard and Miltenberger
proceeded 0 Rongelap to collect additional urine and environmental samples
and conducted an external exposure study at the northern islands of Rongelap
Atoll. The wind-powered electric zenerator had malfunctioned here too. An
attempt to repair the wind-powered generator also was made, however, no long
term successful operation of the system could be achieved. 'Greenhouse and
Xuehner of BNLSEP joined the field team at 3ikini. 0f the 143 persons re-
siding on Bikini, 99 were whole-body counted. Additionally, urine samples and
environmental soil, air and vegetation samples were collected. Samples of
locally prepared indigenous food items such as jekaro (coconut sap), jekami
(coconut syrup) and powdered taro flour (a starchy tuber based flour) were ob—.
tained. The wind-powered generator on Bikini was not working nor could it be
repaired. The Bikinians were made aware of the fact that their prior body
burdens had increased to new levels and many of them knew they exceeded the
intarnationally accepted annual guidelines for dose-equivalent commitment.

In June 1978, the RUDR program contracted the meteorological group at
LLL, headed up Gudiksen, to provide a computer simulation of the dispersion,
traasport and deposition of fallout from the 1954 atmospheric nuclear test,
BRAVO. Also, a contract to provide neutron activation analyses of environ-
mental samples for I-127 and 1-129 resulting from the deposition of fallout on
Rongelap and Utirik Atolls was given to the Radiological Sciences Department,
Battelle-Pacific Northwest Laboratory (BPNL) under the guidance of Brauer and
Ballou. Historic soil samples from Rongelap and Utirik Atolls were provided
by Seymour, the director of UWLRE. Ia August, Sondhaus of UCCM was asked to

collaborate on the dose reassessment project (RUDR).



In September 1973, Naidu, Craighead and Greenhouse of BNLSEP began a
diaz and living pattern study of Rongelap, Utirik, Likiep and Ailuk Atolls.
Inizial observations had been performed by Vaidu during prior visits (Rongelap
h weeks, January-February 1977 and Utirik 2 weeks, April 1978) and by Xaight
duriag FY 78. Basic data was gathered on age distribution, family size,
seasonal variations of locally grown food, food from other islands, individual
diet patterns and iadividual daily activity patterns. Greenhouse also per-
forned zround level exposure rate measurements and surface soil sampling.

This work was performed in suppor: of the Northern Marshall Islands Radiologi-
cal Survey and expenses totalling $37,000 were reimbursed through Robison of
LL and Liverman of DOE.

PUBLICATIONS: External Radiation Survey and Dose Predictions for

Rongelap, Utirik, Rongerik, Ailuk and Wot je Atolls, N. A. Greenhouse and R. P,

Miltenberger, BNL #50797, December 1977.

Radiological Analyses of Marshall Islands Environmental

Samples 1974-1976, N. A. Greenhouse, R. P. Miltenberger and F. T. Cua, BNL

#50796, December 1977.
FY 1979
YIRSP was funded with $281,000 operating and 325,000 capital. RUDR was

funded with $50,000 operating. Total staffing levels were 3.4 man years

scientific and professional and 1.6 man yvears technical support. Lessard, a
prior collaborator on MIRSP joined with Greenhouse, Miltenberger and Naidu as
principle staff for MIRSP and RUDR. Major equipment purchases included a
portable Davidson multi-channel analyzer and tower extentions for the wind-

powered electrical generators.
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Twelve two week Marshallese comparison urine sampl2s were collected in
Jctopver 1973 by Shoniber, Department of Health Service ., Trust Territorv of
rhe 2acific Islands and forwarded to BNL Ior analvses. Zach sample was to
have been analvzed for Sr-90, Cs-137, Pu-239 and Pu-240 from world-wide fall-
aut and for natural X-40. The results were to be used to establish the baée-
line excretion rates for these radlonuclides so that a reference against which
urize samples from the atolls contaminated with troposheric fallout could be
compared.

Juring November 1978, Marshall Island's whole-body counting, eanviron-
mental, demographic, physiologic and biocassay data bases were initlated by
Miltanberger. Preliminary diet and living nattern reports were submitted to
Robison (LLL) by Naidu. Under the RUDR program, 62 teeth samples from Bikini,
Rongelap and Utirik were collected by 3NL Medical for future analvses of
Sr-990, Pu-239 and Pu-240. Naidu invited The Institute of Physical and Chemi-
cal Research of Japan to contribute some Bikini ash to RUDR research.

During January and February 1979, Lessard constructed appropriate dosi-
metric models and determined retrospective and prospective dose equivalents to
various body organs for all former Bikini residents. This work also compared
urine bioassay derived body burdens to whole-body counting measured body bur-
dens for Cs-137.

In January, a whole body counting field trip to Majuro to examine the
former Bikini Island residents was undertaken by Miltenberger, Greenhouse and
Craighead. They whole-body counted 101 persons and collected 49 urine sam-~
ples, 64 whole-body counts were from the relocated former 3ikini residents.

Miltenberger and Greenhouse continued to cross the Trust Territory to finish

11



the Pacific Basin Studv, a collaborative effort with Nelson of UWLRE whizh had
commenced in 1975. During Mav, another field trip to fajuro and Xili was com—
plecred by Miltenberger and Lessard. They whola-body counted 129 persons, 79
of which had been relocated from Bikini Island ia August of 1978. The whole-
bod counts on Marshallese persons other than the former Rikinians provided
baseline h»ody burden and urine radionuclide excretion rate data for comparison
DUTrDOSes.

Duriag August and September 1979, Miltenberger, Lessard, 3alsamo, Hunt
and Jillingham of BNLSEP, Sherwin of Enertech Corporation, and Rademacher of
St. Mary's College, participated in a field trip. They re-established the air
sampling programs at Kwajalein, Rongelap and Utirik, continued the routine en-
viraamental monitoring program at Rongelap and Utirik and continued the whole-
body counting programs formerly performed by 3NL medical. At Utirik and
Rongelap, Brown of DOE Pacific Area Support Office (PASO) restated a former
BNL promise. He said that the electric generating windmill apparatus would be
given to the people in working order following collection of air sampling data
for ane year. During this trip, 150 whole~body counts and 146 urine samples
had been collected. In addition, the windmills were left generating elec-—
tricity. Coconut, pandanus and breadfruit had been obtained from traditional

seleztion sites. Brown of DOEPASO, Otterman of US Oceanography, and

Mdiltenberger and Lessard of BNLSEP prepared sketches and plams forla new
whole~body counting trailer. The new design incorporated two chair type coun-
tars. Their design maximized the use of available equipment and space,
aininized the discomfort of the Marshallese and eliminated many of the pre-

vious trailer design deficiencies.
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3y August 1979, members of the RUDR program completed a drafs of the
diet and living pattern study. Also, results of the soil analyses for I-129
on samples collected during the 1930's indicated samples from recent times
could be analyzed. In addition, soil samples from Likiep were submitted for
analvses. Efforts were initiated to procure excised thyraid glands taken from
the Marshallese who were resident on Roagelap and Utirik. These sanples were
to be analyzed for Tc-99 and I1-129. The computer simulation of fallout data
was expectaed to be completed by September. McInroy of Los Alamos Scientific
Laboratory had begun analyses of Marshallese teeth samples for Pu, U, Th and
Sr radionuclides.

A September 1979 visit to Rongelap and Utirik was performed by US Ocean-
ograpny. They reported the wind-powered electrical generators were not work-
ing and according to the run time indicators, they had failed shortly after
their repair in August. It was becoming apparent that to keep the wind-
powered generators operational, routine maintenance by a trained individual
equipped with spare parts and proper tools was required.

PUBLICATION: External Exposure Measurements at Bikini Atoll, N. A.

Greenhouse, R. P. Miltenberger and E. T. Lessard, BNL #51003, January 1979.

PRESENTATIONS: 137 Cs Body Burdens at Bikini: To Move or Not to Move,

N. A. Greenhouse, Presented at the Chemical Physics Section, Health and Safety
Research Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, Janu-
ary 1979.

The Anatomy, Physiology, and Radiobiology of The

Gastrointestinal Tract;, E.T. Lessard, Presented at the Twenty-Fourth Annual

Meeting of the Health Physics Society, Philadelphia, Pennsylvania, July 1979.
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FY 1980

funding levels were $351,000 operating and 350,000 capital aquipment <or
HIRSP. An operating budget of $50,000 was provided for RUDR. Staffing lavels
were 3.8 man years scientific and professional and 2.2 man years technical
support. Major equipment purchased was a computer based multi-channel pulse
height analyzer to replace and upgrade the existing BNLSEP analytical ladora-
£orv equipment. By September 1980, Greenhouse, Cua and Knight had left the
prograa and Miltenberger, Naidu and Lessard performed as orimary staff with
Lessard as program director.

During dctober 1979, Miltenberger and Lessard finalized plans for the
new whole-body counting trailer with Dillingham, Otterman and Brown. “hair
construction began at BNL. UEUnertech was informed in October of the failure of
the wind-generators supplied and repaired by them. During the aext few
monchs, the whole-body counting chairs were built, disassembled, packed and
forsarded to Kwajalein along with the new trailer. Naidu and Greenhouse, of
BNLSZP and Pratt of BNL Medical prepared an educational program on the effects
of fallout from nuclear tests for the inhabitants of Bikini, Enewetak,
Rongelap and Utirik Atolls. This effort documented the original training pre-
sented to the Rongelapese and Utirikese by Naidu during 1977 and 1978.

In February 1980, a personnel monitoring field trip was undertaken to
Japtan and Enewetak Islands, Enewetak Atoll and Ujelang Island, Ujelang Atoll
to obtain baseline body-burden data on the Enewetak population prior to the
repatriation of Enewetak Atoll in April 1980. Miltenberger, Levine and Greea-
house of BNLSEP and Manalastas, a Phillipine national and a fellow of the

International Atomic Znergy Agency performed whole-body counting and collected



urine samples from persons 5 vears of age and older. At Tjelang, non-
participants of the whole-body countiag program were invited to provide urine
samplas. Approximately 400 urine samples were collected and are curently
being spectrometrically analyzed for gamma emitters and radiochemically an-
alvzed for Sr-90. Addi-ionally, participants provided physical and demo=-
2raonnic data.

As previously mentioned, whole-body counting was conductaed with two
indzpendent chair counzing systems in which a sodium iodide detector was posi-
tioned in front of a sitting person. This geometry allowed safe entry and
egress with comparable sensitivity relative to the bed geometry used in prior
field trips. Approximately 400 spectra weras obtained in this way and analyzed
for Cs-137 and X-40 using calibration standards which best matched the sex,
height and weight of the individual. Additional analyvses were performed :o
determine frequency distribution statistics for various age and sex groupings
of the data. Quality assurance was obtained by duplicate whole~body counts
and repetitive point-source standard counts.

During January and February 1980, Lessard undertook retrospective as-
sessment of chronic external and internal dose equivalents to the residents of
Rongelap and Utirik. The dose {interval assessed was after they returned home
following the BRAVO test and evacuation and prior to January 1, 1980. Les-
sard, Miltenberger and Greenhouse also completed the Sr~90 and Cs-137 dose
equivalent-commitment estimates for former residents of Bikiai Atoll. Ad-
ditionally they determined dietary radioactivity intake for Cs=137 in the
Bikini population and compiled whole-body counting results for the years 1974
to 1979. These Bikini related works were prepared as 3 primary scientific

publications.

15



In January 1980, Naidu, Greenhouse, Craighead and Yaight summarized
infornacion on diet and living patterns for the larshailese. The data was de-
rived from literature, from personnel observations through living with the
“larshallese for periods extending from months to vears, from answers to
questionnaires and from direct participation in their activities. It was re-
cognized at that time that the study needed to be extended ia order to ident-
iiv trends in local food consumption and living patterns.

During March 1980, at the request of McCraw of the Department of Ia-
ergv's Division of Health and Znvironmental Research, Lessard and “tiltenberger
identified individual Bikinians who exceeded the recommended 500 mRem per year
limit to the whole body and red bone marrow. Thev also explained the dis-
continuity which appearad in the Sr-90 estimated body burden between residence
and post residence periods for B3ikini adult females and Bikinl youths. Ad-
ditionally, they evaluated LLL's calculations relating body burden, dose
equivalent and activity ingestion rate.

In March, Public Law 96-205 was enacted which authorized the Secretary
of the Interior to provide for certain people medical care and treatment and
environmental research and monitoring for any injury, illness or condition
which may be the result directly or indirectly of the Pacific Nuclear Weapon

Testing Program. The Secretary of Energy was authorized to assume all costs

associated with the development and implementation of the program. Later that
vear, at the request of Robison of LLL, Lessard and Greenhouse ralated to him
an outline of MIRSP and RUDR program history and costs. Roblson would draw
upon this information in order to set forth a general plan for the periodic

comprehensive survey and analyses of the radiological status of the atolls,
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the development of an updated radiation dose assessment and an estimate of the
risks associated with the predicted human exposure.

In April, Greenhouse began to summarize external exposure rate data for
the “Yicronesian islands outside of the Northern Marshalls. Much of this data
was collected in collaboration with Nelson of UWLRE duriag 1975 and 1976.

During the summer months Xaplan, an undergraduate student from Yale Uni-
versitv, and Lessard performed the initial analysis relating I-129 activity in
soil to acute thyroid dose equivalents in persons on Roagelap and Utirik Atol-
ls in March 1954. The analysis accounted for I-129 atom distribution with
depth of soil and the kinetic relationships between the iodine isotopes, time
post detonation and fission neutron energy. The dosimetry accounted for dif-
ferences in uptake, excretion and retention of iodine as a function of age of
the individual. Preliminary estimates of thyroid dose from the March 1, 1954
exposure were determined for Rongelap and Utirik residents.

.

During July and August 1980, whole-body counts and urine samples were
obtained at Majuro Atoll and Kili Island by Greenhouse, Moorthy, Watts and
Rivera of BNLSEP. Former 3ikini Island residents and a comparison population
contributed approximately 200 spectré é;& ioE uriﬁé';aﬁples. Fifty percent of

; B A o
the April 1978 population at Bikini were recounted. %;nsecutive measurements
of a Bikini residents body burden post departure allowed for computation of
individual long-term biological removal rate constants. This data was re-
viewed and written up by Miltenberger, Lessard and Greenhouseband submitted to
a scientific journal.

In September, a meeting of RUDR was held between Bond, Borg, Conard,

Cronkite, Hull, Lessard, Meinhold, Miltenberger and Naidu of BNL, and Sondhaus
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of UCCM. The meeting centered on dose reassessment iand was conducted ia two
parts iimed at reviewlng past accomplishments and assigning future tasks. A
review of the circumstances that led rto the studv was presented by Naidu who
also discussed the status of the Sr and Pu in teeth samples. Lessard pre-
sented a draft of the chronic phase dose-ecuivalent estimates for Rongelap and
Utirik residents and reviewed the acute phase dosimetric methods and dose-
equivalent 2stimates based on the I-129 soil analysis. The second stage of
the neeting led to detailed discussions on the chronic and acute dosimetry.
The outcome was to define specific tasks in order to further substantiate the
dose estimates to the thyroid.

During September, as part of the ongoing quality assurance program for
YIRS?, an interlaboratory analysis for Sr-90 in urine samples from the Mar-
shall Islands was initiated.

PUBLICATIONS:

Dosimetric Results for the Bikini Population, N.A. Greenhouse, R.P.

Miltenberger and E.T. Lessard, Health Physics, Vol 38, pp. 846-851, ilay 1980.

Marshall Islands: A Study of Diet and Living Patterns, J. Naidu, N.A.

Greenhouse, J. Knight, BNL#51313, July 1980.

Dietary Radioactivity Intake from Bioassay Data: A Model Applied to

Cs-137 Intake Bz,Bikini;igége&_&gsgggnts, E.T. Lessard, R.P. Miltenberger,

and N.A. Greenhouse, Health Physics Vol. 39, pp.177-183, August 1980.

Whole Body Counting Results from 1974 to 1979 for Bikini Island Re-

sidents, R.P. Miltenberger, N.A. Greenhouse and £.T. Lessard, Health Physics,

Vol. 39, pp. 395-407,. August 1980.
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Co-60 and Cs-137 Long Term Biological Removal Rate Constants for the

Marzhallese Population, R.P. Miltenberger, Z.7. Lessard and N.A. Greenhouse,

Heal:z1 Physics (In press).
PRESENTATIONS:

Rate Constants for Biological Elimination of Strontium and Cesium {n the

Marshallese Population, E.T. Lessard. Presented at the Twenty-Fifth Annual

Bioassay Conference, Las Vegas, Nevada, October 31-November 2, 1979.

3ody Burden Measurements as Determined from Whole-Body Counting and

Urine Bioassay, E.T. Lessard, Presented at the Twenty~Fifth Annual Bioassay

Conference, Las Vegas, Nevada, October 31l-November 2, 1979.

Dosimetry Methods and Results for the Former Residents of Bikini Atoll,

N.A. Greenhouse, Presented at the IRPA Congress, Manilla, Phillipines,

November 5-9, 1979,

An Zducational Program on the Effects of Fallout from Nuclear Tests for

the Inhabitants of Bikini, Enewetak, Rongelap and Utirik (Marshall Islands),

J. Naidu, Presented at the Thirteenth HMidyear Symposium of the Health Physics
Society, Honolulu, Hawaii, December 10-13, 1979.

Dose Assessment for Rongelap and Utirik Residents 1954 to Present, E.T.

Lessard, Presentad at the Twenty Fifth Annual Meeting of the Health Physics

Society, Seattle, Washington, July 21-25, 1980.

FY 1981 (Progress to Date)

Funding levels were $415,000 operating and $5,000 capital equipment for
MIRSP. In November, $30,000 operating were withheld by DOE, thus reducing the
MIRS? operating dollars to $385,000. An operating budget of 353,000 was

directed to RUDR. Lessard, Miltenberger and Naidu form the primary staff.
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During October Lassard complerad the reconstruction of chronic dose
2quivalents for Roangelap and Utirik residents for the tine interval 195% to
1930. Retrospective and :ontempnrary external 2xposura rate data, whole-body
counting data, and radiochemical analysis of urine and blood data were re-
viewed. Dosimetric models which best described the uptake regime were con-
structed for the nuclides of interest. Daily activity ingestion rates,
whole=bod7 dose~equivalent rates and dose-equivalent commitments to various
orjans were determined. Population dosimetry rasults and methods were written
up 3nd’reported in a BNL publication. Individual dosiznetric records are
maintained at the Laboratory.

At the request of McCraw (DOEDHER), Lessard and Miltenberger analyzed
former Bikini and Roagelap personnel monitoring data in order to estimate
Cs=1.37 body burdens for the population who may return to Enue Island, Bikini
Atoll. This projection iavolved a determination of activity transfer factors
calculated from Rongelap and Bikini whole-body counting data and from activity
concentration analyses of coconut tree products. These factors were
comparable for both atolls and dose-equivalent commitments were projected for
adults.

In December, Naidu coatacted Dr. Shinji Okano of Japan regarding an-
alyses of thg "Bikini Ash of Daigo—-Fukuryumara”. Lessard, Miltenberger and
Moorthy outlined a radiochemical separation/neutron fission radiocassay tech-
aique to bYe used on urine collected from Marshallese exposed to tropospheric
weapons-test plutonium. Sondhaus (UCCM) visited Lessard to discuss his work
related to acute phase dose reassessment for Rongelap and Jtirik residents.
Thiessen, the new Director of the Human Health and Assessments Division of the

Department of Energy was appraised of the RUDR program's activities. 4Also in
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Decumber, Lessard, Naidu, Miltenberger, Baua and Olmer began preparations for
sit2 review scheduled fof May 1981,

During October through ‘'farch, Miltenberger, Lessard and Steimers of
BNLSEP summarized the data regarding human milk samples which had been ob-
tained from four lactating adult former Bikini females whose Cs-137 bodv
burien had been defined by whole-body'counting. Also, coconut t#ee sap and

nuts were analyzed by gamma spectroscopr to determine the presence of Cs=137

* WU
and X-40. Results were used to estima:e the Cs-137 boj}

R

3 o

duccs. Dose estimates toz a hypothet!tié inghut rnoiéentain §;

e

u;uxtua a0d;

«%

Cs—137,{ndted-2h éil indiviauals examined the year before, had declined during

this first year in residence on Enewetak Atoll. The survey of the x-ray
machine prévided an estimate of the operator and patient dose equivalent.‘
During January and February, McCraw (DOEDHER) requested a review and re-
sponse to questions posed by Johnson of the Micromesia Support committee re-
garding repatriation of Rongelap and Utirik Atolls. Additionally, McCraw re-
quested a reanalysis of dose equivalent due to ingestion of coconut crab from

the northern islands of Rongelap Atoll. Conard and Cronkite of BNL Medical
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and Hull, Naidu, Miltenberger and Lessard of 3NLSEP nremared the formal ro-
s n0nses.

A whole-body counting protocol by Miltenberger and radiochemical an-
alyses protocol by Olmer were prepared in March. A review of quality
assurance data for the Marshall Islands was also prepared by Miltenberzer,
Naiiu and Lessard. Brauer of BPNL and Naidu prepared radiochemical analysis
and analytical procedures for determination of I-129 in soil. Lessard
przpared a historical synopsis, a summary of MIRSP and RUDR highlights and a

collection of publications and protocols.

# o
PUBLICATIONS FY 81 to date: e

Reconstruction of Chronic Dosé Equivalencs for Rongelap and &i:ik

QeSLdents-IQS& to 193ﬂ1 -;T. Lesa;:d, Gteﬁ§?9use and R.P. Hlitegbggger,%gfln

© g o |

NL ’f5x257 Octo«her 193*,‘

1§§zgiiigﬁbso;pegggﬁ

E.T. Lessard, J.R. Naidu, R.P. Miltenbe

5

t"ROnS!Elap and Utirtk ; ';;-,
e

nI”L V. Kaplan,

BNL #28939, Draft.

1980. Edito g 15 i VI ittt . ;

PR B - ~ cac - A " "o op AN Bt BT i

Balsamo, S Cohn, E. Craighead. F Cua, N.A. Greenhouse, A. Hunt, S. Johnson,

A. Yuehner, E.T. Lessard, G. Levine, R.P. Miltenberger, A. Moorthy, J. Naidu,

N. Rivera, J. Steimers and X. Watts, BNL Report, Draft.

Cs-137 in Human Milk and Dose Equivalent Assessment, R.P.

Miltenberzer, E.T. Lessard, J. Steimers, and N.A. Greenhouse, BNL Report,

Drafe.
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Whole-

Body Counting Ovperations Manual, R.D. Miltenberger, 3NL Pry:s-

col, Draf:.

Standard ﬁ%gi"'“e fbr Air Sampling, F. Cua, 3NL Protscol, Nrarf:.

Protocol fnt R“f

ocﬁtuical Analysis of Urine Teeth and Milk, Editor:

‘ ‘:"wii" -
L.L. Dlner, Contrihutog§$ D.M. Henze and J.R. Steﬁners, BNL Protocol, Drafe.
—%: ~
An Evaluatieﬁ of Physiologlcal Parameters and Their Influence on Doses

- Bl

Calculated from 'I'wb Altqmﬁve mﬂ:ﬁﬂtric Wodeh for the Gastrointestinal

.-

N ;Skniif °rocaedings of the Thir§§.nternaCLanal

Qadlooharmaceutieal.ag iﬁﬁtrv Symp0314m, d§k Ridge Tennesse » October 1980

ljti:

m of Nitural and Tachnologically Enhanced ackg:ound
E .ﬁ~

Radiation Level!;E!A “r o sia, 3 A. Greenhosuse, and R.7. Miltlﬁﬁttger, L3L

x

Report, Draft.

4

Review af' g " se | 3 sha Island ﬁ&diological Safetv

Program, Z.T. Report, Ddra‘e.

nual Bioassay

et Tl Ry

An Evalud arameters and“Two‘XIt tive Hosimetric

Models for the Gastrointestinal Tract, E.T. Lessard. Presented at the Third

International Radiopharmaceutical Dosimetry Symposium, Oak Ridge, Tennessee,

October 6-10, 1980.

23



Expected Man Made Radionuclides o bSe
Incountared {1 che Marshall Islands

Source Nuclide Origin Source Nuclide Origin
Soil 3H Unfused fuel Animals 3H Unfused fuel
Soil 14C Activation Animals JSE‘e Activation
Soil SSFe Activation Animals 60Co Activation
Soil 60Co Activation Animals 905r Fission
Soil iA;63Ni' Activation = Animalg ™ l31€§1 Fission
Soil §§K905r Fission 'f;Ahtngls:fi 2073i, K i
- 102 = . e =
Soil Rh Activation Aatmals
501l - é?i;§§ﬁ " rission wanimalsﬂ
Soil’k&:.147Pm Fission
Soil Fission _ o = fjw
Soil Aet¥vabibh:

E i mgen R
s011  FiieTolige. -
Soil “aFlsaion . .3k . _
Zoil rrizpiiggzigi' Fish ‘31 Activation
T Lt 9
Soil _ Fpefissionedg s Fish 2%, 'nfissioned fuel
. G 1Y - gre 24
P xﬁl; ’ Fish ) OPu? Unfissd.qned fuel
Soil Uﬁ;!ﬁ%ioned o 7 oy
fdel by
] 238 . . . -
Soil Pu Uniissioned -
fuel
239 :
Soil Pu Unfissioned fuel
)
Soil ~4OPu Unfissioned fuel
7
Soil "41Am Unfissioned fuel
Plants 3H Unfused fuel
Plants 6OCo Activation
Plants 905r Fission
Plants loth Activation
Plants 137Cs Fission
Plants 239Pu Unfissioned fuel
240

Plants Pu Unfissioned fuel
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Movement of the Marshallese People
Following the Weapons Testing Programs
at Bikini and Enewetak Atoll



Bed Geometryv Whole-Body Counting
at Bikini Atoll



External Radiation Measurements
at Bikini Atoll



Collection of Demographic, Anthropometric
~and Physiologic Data and Selection of
Individuals for the Bioassay Programs



Whole~Body Counting in One of the
New Chair Geometry Systems. Two Independent
Systems are Used Throughout a Field Study
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BNL REPORTS
Marshall Islands Radiological Followup
Radiological Analyses of Marshall Islands Environmental Samples 1974-1976

External Radiation Survey and Dose Prediction for Rongelap, Utirik, Ailuk
and Wotje Atolls

External Exposure Measurements at Bikini Atoll

A Reconstruction of Chronic Dose Equivalents for Rongelap and Utirik
Residents ~ 1954 to 1980

Marshall Islands: A Study of Diet and Living Patterns
Thyroid Dose Assessment for Rongelap and Utirik Residents-Draft
Body Burdens and Dose Assessment for Bikini Island Residents-Draft

Review of Quality Assurance Data - Marshall Islands Radiological Safety
Program=-Draft
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VARSHALL I5LANDS RADICLOGICAL TILLIWUP
N.A. Greenhouse ind 7.7, Mclraw
deaizd Phyfics wmaq 3afacy Jivisicn, 3rockilaven laticmal Ldooracory, Uocoa, qew Yare L1372
ang
Zivisicn of Ogeracional 3afecy, U.3. Iaerzy esaarch and Caveisomenr Ad@miziscracisn, ~asaingeoa, J.C. 10543

Abseracs

I Augusc, 1263, 2resident snnson ansounced chat zie jeopla of 3ikiai itoll waouid be able 3o racura <o
their tomeilsnd. Therearzar, 31milar aoproval vas Jiven oY e cacurm OFf the tecules of Iaewecax, These

regilons, valch Iomorised the Paciiic Yuclear Testizg areas T 1360 23 (353, wtll prooaoiy e cesoopu-~
ica¢ ¥ Ine Jriginal Lanaoclcants ana chelr Smmilies wicRiz The 1ext vear.  as 2arz of iIs coacLnulag
2$TCRSLILILLY I3 iisure 1ae zuoli: neaiif and jafacy i3 connect:ion viza che auclaar srograms ader Lss
socascrshin, IRJA (fcrmerly AZC) aas coacracied 3rookhaven lacicnal Lapotacscy o escaolish radioiogical
saz2ty and eavirdnmeacal JoniCariag Irograms 0T Ihe recurning 3ikini and Znewetak Jeoples. These aco-
iTams are cescridad 1a cne {ollowing saver. Thev are designed %o iefine zhe sxcernal radiaticom eavirsne
zenz, assess radiaticn ioses {Tom iacarnal emizsers ia che auman food chaia, sake .ong range sradiczions
53¢ :otal i0ses and 30se commicmencs =5 izdividuals and t£o 2aca jopulacioa §Toup, and =0 suggesT acticns
Jn.cn wiil minidzize 20ses 7la e 20re significant pacoways.

tacroducsign

e 7.3, quciesar -ascizg programs 3% the 1940s and 1950s 7ad sigaificant local eavironmeccai impacts oa
2ne zoral acolls of 3tkial and Zzewecak in e Marsnall Islands. The tigh level close~in Zallout made
itese atolls uminnapiczaoie Zor zagy rears. Tallout Zrom che 3IRAVO event, wnich cook diace ac 3ikimi (2
L3313, was izaavertancly evosited cu tRe 1eardv acoils of wngeias, ougerik ama Jeirik. I3 2il, some
IniIieen 1COLLS 13 IRe I0TrTRer: Marshaild vere orooaoly affaczea 13 a2 greater or Lasser axtenc 3y Salloue
izz3 ilZese muciear Iascs. J2 cthese, 1ovever, :he cosc significanc loag term vadiclogical iovact vas

2n toe test agolla, 3ikizi and Zaewecax, and on wngelap acoil,

a3 1357, Rongelao was Teoccupiaa v irs original inhabitanss who ad ceen evacuaced -—vo days icter
IRAY0. Juriag zhe 2ast several zears, Zefizitive >lans nave Jeen nade I3 TepscTiace che original izpasise
incs 3Z 3ikini ana Snewetax Atoils, and thelir Zamilies. I is hoped that cheir ratura cam -axe rlace icon.

1o order =9 identcily radiological prodlems from rasidusl zadiocactivisy ia the eavirooment, and =5
srovide a daca dase 0T Jose jrediccioms applicadle to the zeacurning sopulace, IRDA (and its Jradecessor,
zhe AEC), has spounsored any radiological surveys ia che Marshall Islands. Thase surrevs Segan :iuring
ZasT operaticns and lave Jeean cmductad Periodically up o cthe resear Zime. Results of che Iurveys cave
been suolisfied in aumarcus reports and sciaentific lournais. arferencas ! chrough 12 are 3zublisined -epores
37 AEC/IRDA sucportad surveys OfF these atolls. Raerfearencas 13 :znrougn 19 ire 4 porsion of she junlisied
T220rts cn Work With z2llected environmental samplias supportaed by AEC/ZRDA.

Zvaluarion of survev resulns Zor 3ikini Atoll, the consideracion of >rediccad exposurss sompared with
ippiicaole radiacion standards, apd the acinowledgemenc of the 2sov Senerfizs to zie peovie i zaey could
Tarurd, led 0 the jacision co clean 20 and rehapilizace chat acoll. The Jevarcmenc of Decsnse, Jeparz-
zant 3¢ the Iatarior 20}, and AEZC (aow ZRDA) participaced .3 a joint agfiort of zlean Jp and rehsoilica-
sicn 3f 3ikinl Actoll scar:ing in Teoruary, (969. Clean uo was complazea {a zhe fail af =hac vear. agr:-
uszural cemabilicacion and housing comstruccion is being coanducted >v J01.

The decision o Teturz the Snewetakase <0 their acoll led o 1 comprehensive sufvey conductad ac
Toewecak ia 1972-1972.¢-0) cegional survey planned Zor 1976 will provide Yaseline radtological daca
I2r fugure dose assessments Throughout aearly all of cthe zorchern Marshall [siands wnick aay 2ave been
atiacted Dy t3e cesting program. Zavirommancal evaluacions ic Roageiap aad Uririk Acolls have deen unders
taken ggrio%%cally in association with ZRDA's medical evaluaticms program -hers over zhe pasc 20
7ears, U=

Trom all of chese earlisr surveys, iz LYecame apparemt -hat jeriocdic eavirommental momitoring and dose
issessments musz e aade for 3ikini, Zaewetak, lcagelap sod jerhaps ocher icolls ia che 10orthern Marshalls
22 zaiagcaio 3 curTent Tadiological daca Sase and co >rovide currenc {oZormacion cn iadividuai and dopu~
laczon Joses. This Zollcwup mouicoring is deing serformed 3y 3rookhaven Vacional Laboracory at zie

Taausst of zhe Zivision of Qperationai 3afety, U.5. Zaergy lesearch and Jeveicpmanc idminlscTacion.

*Resesrca carried ouc at 3Jrcoxhaven lacicnal ‘aboratory uader :he ausoices of zhe U. 3. Icergy 1¢af
esrza and Jevelooment idminiscracion. 3V accepcanca of zhis article, the puolisner and/or recinienc
acknoviedges che U.3. Javeromenc's TIigns 20 Tecain i lomexciusive, Tovalty-fTee licanse {n 2ma o any
Jo0yTight covering t2is saper. -



ladiolowical Toncerns

The drizarv radiological proolems are che Tesult of residual flssionm ard acstivacionm producgs ia tie
tarrestTial savirommenc. Thev 1ave been itdecciliad by Jrevious environmental survevs as Zollows: ') Ixe
z2rnal cadiavion leveis significanclv aigher oo jome i3ianas i1 an acoll zcmoared o lavels on lighclv
:onrazmitated Lsianas. I} Tlssicn and aCIIUYITIOW ITCOUCT TAAl0acTLYLIT L1 22rzain -erTescTial food isems
70w ITIwiag Jo s5lands oL these 3coll3 and Ine 20ss1pilily thac inaccestapie levels of :nese radionuclides
=4y iccear 13 Isods, plancs and aaidals tewiv L3CTOduUCed IO chese icvils.  3) Raalsacrivizy ia the
zTsund FataT, 1 cossible source oI IrinKing JAacer ina wacer Ior Lrrigacios. &) 2lugsnium and americium
Lsoccoes L1 tne syrface 3oil. These I3ctors are illuscTaced Dv data ia Taoles . tharougn « taken Swom
Jrevicds Tadiolcgicial survey reporsts.

Tabie .., Jamma laaiacion laces 13 3ikiai acoll

=/ bz
ZIxposure race
*3land langa Ma19r ceneribucaTy
3ikins Lold=, 22 “2'Cs
Weathered areas .J10-.030
Zlose =0 3nore .020-.3040
+3land cencer .050-.080
jor spocs .380~-, 120+ <37
Zaeu .202-.010 ~2lzs.
am .Cld-.210 05, -3 2
Jucer adge .210-.030
Zsland cencer .J15-..50
N.2. corner .:10-.330
3ckancuax, [omelaa, .303-.310 b
Rojkers, Zonjedi
ierokaj-Zmemman complex: °
Aeroko), Aarckojlol .301-,310 hid
3ikdria, Lal .2Q6=,310 b ,
Zaeman * .201-.370 : ey, 285, 200y
Zast Zoeman .001-.010
‘iest Inemgn ,320-,370 ' '
Zaidrik -303-.23% 50cq, Hp, *9022y
Zasc Iatidrik .J03-.030
“est Zaidrik .010=.235 ' )
“ako+ -360~.200 N T
Jeieca .060-.130 bt
Oroken .015-.343 i
3Jokascoktok .010-,035 ™
3okdrolul .029-,050 )
3okbaca .01:-.030 60:0, 'J7CJ
Acmen-irolj complex:
Aomen .005-.020 \'5 125
Lomilik .320-.,330 25,3
Jdrik, Lroi} .010-.040 bad

-
See ref. 9,

":Io s0il sample or field spectTa neasuremancs.

la some cases, che predicred doses and dose commitmeancs derived from survey informacicn for 3ikini
and Zgewecak Atolls approach or even excsed zacional and iatersacional radiaciom procectica standards for
cartaan lLiving and diecaxy pacterms. Correcrive actions or restriccions must Se placed on use of chesa
acoils and chelr Tssources O assure that the aopiicable radiacicn scandards are oot exceeded. Jerein
lies =he primary uscificacion for the contisuiag envircomental followup surveys spoansored by EIRDA,

Egvironmental Moanicoring

The nost importaat sourcas of exposure 2o seovle living oo longelap and >0 fugture residents of 2ikfai
and Enevecak Arolls are Zrom internal daposition of radioisotopes “rom cartiin elemenzs in che human
diet, and Irom che ioug :zarm occupancy of islands haviag sxternal radiation dose rates higher chan
ragural zackground, Aside Srom certodic re-evaluscions o estsgolish trends in extsraal dose race
reduction, extaraal radiacion monitoring 7ill assume less significance, comparsd o moaicoring of the
food chaia, i1s zime passes., AL prasent, aooual visics are beisg made to {dentily and colilect repre~
sencative samovlies of local diecy for laboracory malysis and dose commizment upcates. New locaily
grown Zocd iteams ire Decomilg availadle ia small jquancicies on 3tkini Island as a result of the axper:-
Jencal igricultural jractices of a small 3Toup of carecaker Zamilies iiving chers. Neizher 3ikimi Acoll,
vhers raaiologicali cleanup has been comnleted, 20t Znewetax Atoll whers clesn up has 20t yec degua,
lave 3 subsiscencs igriculture resourcas iz deing wanicin is sufficienc =0 support the anticipaced jopula-
tlons wmich nill coe day live chere (though sucn :cTops are curreacly Seing Zeveloped or plasned),
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As 1 resuit, some of the dietary itsms likely =7 hrave che nigher radionuclides concenc, e.3. >andanus
ind Sreacfruit, are 30T actual problems o dace. They aay or zay not De of concerm ia che Cuture as the
slancizgs zacure and che Iruit decomes availadle in juascicy. Thus, che diecs of people liviag in zhese
WO 3tolls are expected o change over che comang vears Teflectiag zhe Teiative iafluances of imported
and locally grown fcod {tems. Allovance has Seen zade Sor chis i1n development of radiacion dose
astimacas. Ixperimeacal studies ac Zaewetax =sy yield cecaniques cO interrupt or bdresk zhe recycliiog
9f ragisnuclides zhrough the vegetaciocn, spil, and ground wacer syscems, and cheredy csducs che radio-
aczivity coucsae of sowe importamt diecary icems. All of the aforememtioned Zactors will aecessitacs
¢ontizuisg donitoring of the diet for maay yesrs. 2Zeriodic ssmpling and analysis of 3cil and ground
sater 1.l De oecessary ia order to estadlish ctTends in the changes of radicaccivicy comcenc 9f thaese
asdia.

Ia the northern Marshalls, drinking wacer is obcained primarily frcm rain wacer catchmencs. Whila the
radionuclide content of collected rain water will sot be zero, shis source L3 1ot expected to comcribuce
significamely to zhe radiaciocn exposurs picture for urure 3ikiai, Znevetak, and oungelap Acoll rcesidencs.
However, rain vatar which drains from che viadward side of building Tcoftops may >rovide usaful data on
resuscension af radicactivity in the seil. The collection of rain wacer b5y fugture 3ikini md Inewetak
resideats {3 Yeing facilitacted by including gucters aad vacer scorage Ctanks (n plans Zor houses and
communiiy structures. Some 0f the larger islands have iTesh 3Touand vacer located only a few ‘sec deiow
the surZaca. Analysis of zhis wvacsr Zor ics radicnuclide conteat has Jeen limiced o date and ~he
canacity 3f this resourcs © serve cthe needs of (sland restdents i3 noc vell definad. More scudy of
tl1s wacar ‘s Seiczg supported by IRDA.

Jersonnel Momizsring

Jose sredictions for 3ikinl and ITzewetaik Acoll rasidents derived Zrom environmantal daca Rave hHeen
ialiberacely couservacive, and ascadlisn crocadle upper Lizitcs ca oses CO Je axpected for :individuals.



Reliania assessments of acTlali dJoses Tust De Jetar=iied through personnel acuifsriag.  Ixcaerzal vadiacionm
iosizeters 40 QO0C appear 5 D4 a JTACCLiCai 2eans Of sarsonnei 3IomLLoriag or Laailvidual axrernai z20se
aeasursmencs, alchougn zertain lagividuals 7ichin Ziven s0DuUiaciins =av Je reslied iDoa g5 wear =hem.

A "lifastvle zmodel' wnich iacludes 2stiiaces 3L Occujancy ZacIors I3r various .ocations in a given acoll
<1as Yeen :1tubled Wit envViToamenca. TOVLIATILAZ 13aCa 9 23Cizace iverage axcernal Tadiaticn Zoses =2
ingivizuals. This zocel will Je cavised i3 needed 30 Inat LI :losely ipproxitates tla aczual Lifascyie
9t the jecpie.

The —or2 i{moortamc .atermal 2atnway can e nliisred iirectly Jv conveacional tecaniquas of ticassav
108 wno.e 204y ssuating Jf LnQiviiuali. A Joreti0l2 snadow snield wnoia 3047 ssuczer has deen :3astrictad
ana zcunced ia a3 shipooard zTailer Ior ise in the Marsnail Islands., It is zavadble of quancizacive
lecacziin Of Very small Quantl:ies Of carsall radionuciiies La Inle J04Y sucn is 2705 aad ? Ca, zhe
Jrimar :qViLonmentii Famma emiclars it 3ikini, Ioewetik ind longelap atoils. The system cl2arly iienci-e
fies individuals iz zhe dongeiao pooulacion wno are noc Z0ilowing cne racommended diecary rescrigsicns
sQ eaginz coconuec Irape ITOWM certaln Locac‘.c:u.»"‘zv‘“ lodvy durdens c¢ 905:/90Y, =39, 24 o1 aga :'I‘LA:n
ire esc.zated 3y zhe radiochemical anmalvsis of urize samples. Crine sampl2 collaczions and wnole 3edy
23unCink “L..L S@ perzorTed avery sAe 0 WO vears it 3IKinl ind ZaewerCaxk AtOLLs When Zhe deopla retumm
ind evers ~wo 0 ziiree vears at ongeiap AZoil uincil zhe results warrant less ITequent leasuremTent
-2Zarva.s.

»

Surzarr
- - ul

varsrall Islands Qadiological Tollowuo has comsiscad of iatensive eavirommental studies iz 3ikini,
Igewecax. ind wegelas Actolls =o gacler radiclogical daca on zhe extermal Tadiacion anvizonmeat and on
Tagicaczi/ity ia fooed chains., Radiacion and raaloactivizy iavels in these acolls are Seing ceduced wich
size. Tlese changes ire Tonicores L2 anmual JF Slanoual eaviroomencal survays. Updated ioformacica is
ised =3 1axe conservative ascimaces of pooulaticon doses ind dose commitoencs. When jecvle have recurned,
3ctuai .acernali Jdoses o iadividuals are decerziced Ior whole body countiag and d{cassay daca. These
Tegu.I3 ire somoined il eavironmencal iaca on e excernal radiacica eaviromment 0 compiece e tocal
dose issessment 3LcTure.
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Incroduczion

3rookhaven National Laboratory coumenced eavizonmental monizoring of the
Marshall Islands for radicactivity i{n April 1974. Since then, members of the
3NL staif have made a total of six field trips :o the Marshall Islands to
ccllect a representacive cross-section of vegetation, animals, fruits, soil
and water Zound om the islands for the purpose of assessing the radiolegical
eflects of the U, S, Pacific Testing Programs.

The surveys covered Kwajalein, Wotho, Bikini, Rongelap and Utirik Atolls.

A total of 1200 analyses were performed on 400 samples. Ia zeuneral, all samples
were analyzed for Sr-90, Pu-238, Pu-239/240 and any gamma emitters which may
have been present at the time of analyses.

Most of the field sampling work was done in conjunction with and in cooper-
ation with a related envirommental monitcoring program operated by the Laborazory
for Radiation Ecology (LRE) of the University of Washiagton. The results of both
programs will be published in a series of joint and separate reporss, with empha-
sis on the terrestrial environment from BNL, and emphasis on the marine food chain

from LRE.



Sampling Procedurss

The dajority of the sampling was done on 3ikini, Rongelap and Utirik
Atolls. Data obtained from Wotho and Xwaialein provide baseline izforma-
tion concerning the radioactive content of soil, flora and fauna iadigenous
to the Northern Marshall Islands.

The sampling procedures ac Wotho, Kwajaleia, Rongelap and Utirik atolls
were essentially similar. Samwles were obtained in the areas which ware
inhabited by the Marshallese or in locaticas which were actual or potantial
food gathering resources.

Because the Bikinians were only beginning to return to their atoll, the
initial monitoring of Bikini Island required a program with a wider scope.

At the time 3NL started its surveys of Bikini Atoll, two questions required
further elucidation. The firsc was {n reference to the extarnal dose :hat one
would receive while living cn 3ikini Island. The second quescion dealt with

the srediciion of internal dose commitzencs due to ingescion of food products
grown on the atoll. Consequently, the zonitoring program was designed to thor-
oughly examine Bikiai Island and seve;al other islands in the atoll. Sampling

oun Bikini Island was conducted in a grid patzern which corresvonds =o Zfuture

areas of habitation and Zood production, Other islands in the atoll were exa-
mined {n a similarlythorough way to veri?y inicial assumptions regarding the radio-
logical conceras at these locacions.

The Bikiai Atoll sectiocn of the Marshall Islands envirommeacal mcnitoring
program provides the predominant bulk of data presented in this repor:z. Various
islands writhin this atoll wers sampled and surveyed in rslacive proportion to

the projected development according zo the Bikini Atoll Master Plan (1).



This Tepor: cconcentrates on the results of the eavironmenral mogiz=orina
program. The external dose measurements with -he use of icn chamber and
field garma spectToscopy will be raported separately as will dose commiczment
estimares via varicus interzal exposure pathways.
3ikini Aroll

Eavironmental surveillance of Bikini Atoll was achieved by sampiing vege-
tation, scil, fish, catchment water and sediment. Zneu Island was surveyed
for extermal radiacion and sampled for marine fauna, scil and vegetation con-
sisting of Scaveola leaves, Messerschmidiz leaves, coconuts and pandanus. Zaeu
had previously been idencified as a potcential village island, since it received
the least amount of radiocaczive fallout during the atcmic bomdb tescing. Zaeu
has also been suggestad as zhe =ain source of food produccion for those iadivie
duals living om 3ikial Islaad (2,1), Consequently, thorough sampling of =zhis
island was essencial to establish radionuclide quantities wizhin the Zood

chain.

The island of Nam was considered to be heavily contaminated because of its
aroximicy to the 1954 3RAVO event. Eavirommental zonizoring to date on this
island includes samples of =ullet and snapper fish, six inch soil cores and seil
profiles, scaveola and messerschmidia leaves.

Several food items growm on Bikini Island have been suggesced for exclusica
from che local diet (3,2). Samples of coconuts, pandanus, breadfrui:,
arTowroot, scaveola leaves, messerschmidia leaves, pjumpkins, squash, bananas
and papaya, soil samples in the form of 15 cm corss and 0-100 cm soil profiles,
Dackerel (f£ish) and tridacna (clams), plus catchment sediment and water have been

collacted in an afforz co determine their radiological impaczs as local narine and

cerrestrial Zfood items.



Most of the people living on Rougeldp Island have been rhere siace their
Terturn taree vears afz2r the 3RAVO incideat., They have well established
dietary patterns based on availability of various vegetation. The monizoring
program for Rongelap atzazpts to reflect the main constituencs of the Roagelap
diet. As such, samples were collected frcm areas where the local {nhabitants
collecred their food.

The three islands of inizial i{nterest in Rongelap Atoll were Rengelap,
Kabelle and Eniaitok. Sazples of Scaveola leaves were taken from all three islands.
Other samples at Enf{aitok include breadfruit, pandanus and Masserschmidia leaves,
On Rongelap Island, samples consisted of parrot fish, pandanus, Guettarda,
breadfruic, arrowroot and coconuts, Soil samples ia zhe Zorm of shallow cores and
vertical profiles were also collected.

Trirde Aroll

Previous studies have concluded that Utirik Acoll has received the leastc
amount of radicactive contamination following the 3RAVO incident (&, 2, 3)

The 3NL monitoring program reflected the results of these studies. Consequently,
Utizdik Island was the only location within the atoll whers the food chain -was
sampled. Samples collected ac Utirik consisted of pandanus, breadfrsui:, arrow-
root, coconut, copra and messerschmidia leaves.

Kwaialein and Wotho Arolls

Kwajalein and Wotho Atolls wers not involved with close-in radicactive
fallout as were other atolls of the Marshall Islands. Consequencly, samples
from these atolls served gs controls. Soil, pandanus, coconut, breadfruit and
c&conut crabs were collected from Wotho and Xwajalein for purposes of compari-

son with similar samples collected at 3ikini, Rongelap and Uririk Atrolls.



Sample Prenaration and Analveis

Soil samples were dried ac 110°9C for a peried of l-2 days. The dried
ma:er;al was chen pulverized ia a ball =mill for approximately 2% davs, and
then sieved through an S0 mesh screen. The material which passed throwgh
the sieve was used for analysis. An aliquot was packaged ia an aluminum
can and an;lyzed for gamma emitters by Ge(Li) or Yal (T1l) gzacma speccrome-
Ty, 2luconium and 9OSr/gQY analyses were periormed on aliquots of pul-
verized soil ashed at 900°9C for 12 hours. The ash was dissolved in HNC4
and the solution evaporated to near drvness (several times, if necessary, to
pToduce a elear solution). The residue was redissolve in HNOq and this solucicna

3sed for the radiochemical isolation of Pu and Sr.

Vegetation was first weighed, dried at 1109C for 1-3 davs (dependiag om
sample size and type). The dried material was weighed and pulverized ia a
S5lender. Af:ter the sample was reduced to a powder, aliquots were packaged
for gamma pulse-heighz analysis. Vegeration samples destined for radiochemical
~analysis were dry ashed at 485°C, The temperature of che oven was raised slowly
over a three day period to 4859C ia order :o prevent bdurning of the sample.

The ash was dissolved in HNO5 and evaporated to dryness. The residue was redis-
soived in HNO3 and put aside for Pu and Sr analyses. ?2lutonium was separated
Zrom an acid solution of the sample by two ion exchange separacion proceduras
followed by electrodeposition on stainless steel discs., The Pu isctopes are
determined by alpha pulse-height analysis and recoveries aeasured by the use of
2422y tracer added to the samples prior to analysis.

Strontium=90 content was determined by diechylhexyl phosphoric acid ex-
traction of 0¥ from an acid solurion of the samples. The 90Y was scripped
fzom the organic phase, separated as the oxalate and counted im a low backgTsund
beza counzer, Vields are decermined gravimetrically through the use of vciriunm

carrier added at the starc of the analysis.



3atma Snecsroscoov

Cnce dried, soil samples were placed in a olasciz petri dish and countcead
on either a NalI(Tl) or Ge(Li) dececzor. Vegetation, water ar¥ anizmal samples
wera placed in an aluminum tuna can and counced. Counting zime was 4000 sec-
onds for most samples. 3Both systems were originally caliSrated for zhe zuna
can geometry, Corraction f{actors were daveloped to normalize all petri dish
tasults t3 the standard tuna can counting geometry. All counting scandards
ira traceatle to NBS sourzes.

Samples counced prior to the middle of 1975 were counted on the Yal(Tl)
detector., Samples counted after these dates were counted on the Ge(Li) system.
This accounts for the capability to identify the presence of radionuclides such
as Am=241,°Sb-125, 3ala-140 and Ce-l44 in samples where previousiy only Co-40,
Cs-137 and X-40 were positively identified.

Qualizv Conerol

3NL operates izs own QC prégram consistiag of bliad duplicares. 3NL alse
participates in interlaboratory ccmparisons with HASL, the University of Washing-
:on'and the IAZA. Results from our program are listed ia Table 17.

The £first part of thtls table illustrates all the daca from the 3NL bSliad
duplicate studies. These data appear 2o be in reasonable agreementc with each
cther. The second section presents daca from a split sample project with zhe
Healch and Safety Laboratory (BASL) in New York. These results compare less
favorably, but are also in most cases, in reasonable agreement.

Discussion of Resulcrs

Reported results of the analyses performed on the Marshall Island samples are
presented in Tables 2 through 9 with associated 2-sigma erzor. The cables have
been divided into two sections: resulcsof gamma spectral analvses and 90s, Plus
tTansuranic elements Sv radiochemistwy~ Tables 2 :hr:ggh 5 present

daza on gamma emicting radionuclides <£found 4in vegetation, soil, water



and 3ninals, while values Zor 9OSr-and the deteccable transuranic elements 3ot
the same samples are reported {a Tables & zhrcugh 8. The data have been ordered
so that like samples from the same i{sland are reporzed together. The resul:cs

are not arranged by date of sample coileczica.

Ia general, there i3 a wide range of resulrs for each radionuclide within
a given sample type. The variation {s due to spatial differemces in sample
site selaction and to biological variabiliry becween individual organisms sam-
oled. Because the exacr sampling sites varied from year to year, there is no
Sorrelation between radicnuclide concearration and date of sampling. The rasults
{n this report provide an aereal evaluazion of the islands surveyed. For 3ikini
Island, vegetation resulrs indicate a radionuclide concenmcracion discribution
similar to that reported by Lawrence Livermore Laboratory in zheir survey repor:s
(3,3,7,8,9).

Soil profile samples counfirm the ervacic nature of the radionuclide concan-
crations ia soil ac the 3ikini Acoll. Filgures . through 14 provide a depch pro-
file for the soil samoles rakem at Bikini, Nam and Eneu Islands. Soil take from
oics F, H, J and K ac Bikiai, sca:ions!;-laaz wW=2 at Nam and stactions 2 and 2 ac
Ineu indicate some dagree of mechacical turmover io the o1l (tilling, plewing,
cuilding, etc.) as indicaced by the nonmaxponencial disecribucion of acsivity
withia the soil, differences in the depch profile and depch of aaximum concen-
tracion, Normally, the top layers contain the greates: amount Of radioacgi'ri::r
iue sa inictal deposizion, otherwise, zhe strata containing zaxizum organic mat:ier
ctend to be the most significant sources.

Soil collected at pits B, G, L and M at Bikini, statiom #2 at Nam and pit

11 at Eneu display characteriscics of typical radionuclide discribution in soil.
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There I1s apparanclv a decra2ase in activicy ;n near-surlace stzata due 3
sizration izzo lower soil ievels and soil erosion. Peak concentrations ceeur
saveral centizeters below the surface, while the lquesc soil straca disolavy an
exocnential decline of :adionucliée concentration similar to natterns examined
in thg USA at the Hanford Laboratory and cheuNeva§a testing grounds: Figure 15
is a4 mao of Bikini‘dasizna:inz the soil saynlinz_lqcations.

Tables 9 through 16 correlate results from samgles common to several loca-
tions. The data reported ipo these :able; are average congen::acions_for all
similar samples cnﬁan;islané. ‘No error is rego::ed_dge ;ov:he wide range of
values enccuntered wi;h%p :he_values‘selec:?d :n§ due to thg relatively faew

values available for ;ye;agiag. : . } L .
Examination of the cowmparison data :gyeal{ :h;: :he ;a:}o pf averages
between one island and another varies relative to the nuclide seleczed for a
specific sample type. The range of ratios does tend to converge around a single
ralue, TFor exampla, 1if the averzge results for Bikigi Island are used as :hg

aumeracor of the ratis, and the denominator is chosen to be the results fronm

Rongelap, EZneu and Utirik, the following racios are observed:

) Islands Ratio
Bikini/Rongelao 4
34kini/Eoeu 10

Bikial/Utirik 20

These ratios correspond to relative concentration differences between 3ikini and

other islands in the Marshall Islaﬁds previously reported by other laboratories.
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Table 2

locatlon by lulunﬁ4Atoll

o su-p" ' , : K-40 ) CI-'I;,7 Co-60
Description ) ID Data pCtig_ ¢ pCt/g pet/p
Boll; Bikini-Bikiat ' b
Sawple series A, PiCM 4Nniles o s :
26-135 A-6 ‘ . <11,64 - ' 2,980+0.320
36-70 ‘ . A-7 : 18.26109.97  2.00010.320
71-100 . S O | : ' 13.91107.28 ' 3.40040.330
Sawplo acrios E, Pit K,0-2.5 cm E-1 i f ;0 22,20012.40 ) 102.900+1, 240 1.1210.61
2.6-5 o E-2 ’ I} 20.90413.79 | 112.00011.850 1.5910.68
6-10 ‘ : D E-3 Do, 25.70817.17 , ' 158.00042,690 2.6510.87
11-15 o E-4 ' { . : 120.000+1,920
16-25 b RS ' -1 91,900%3.130
. 26-50 -6 ’ S 1.52010,440 <0.884
"t 5128 . E-7 P, P 1.88010.340 .
Sauple series ¥, PIC L,0-2,5 cm p-1 | L Co - 146,00042,480  3.9540.84
2.6-5 Cod L F-2 : ; . 1 135,00042,420 4.5410.84
6-10 : F-3 ' Pt 139,00042,440 7.2410.93
1n-1s o P-4 <24.38 . - 104.000%1.930 4.9510.79
16-25 oy ¥-5 © 0 h6.,74122,37  85.10013.380 3.5311,39
26-50 , F-6 .o <12.65 . 8.31010.410
51-75 N | : vl S ; 0.93410,324
76-100 R Y i | , : B . 0.4410,41
Semple scries G; Grab sawples G-1 C ¥ i ,.26.37408.88 © 38.60010.690
Seuple serios N; Pit F,0-2.5 cm n-1 : '4/16/75 © 74.55£36.94 1 255.00014.000 5.4911.75
.6- v Lo -2 b S ¢l 211.00014,120 6.9511,35
6-10 o L) - b | £ 290.00014.520 8.1211.49
11-15 : Coimed ) <28.56 °  225.00043.700 7.2511.26
16-30 C f P SR N , . .183.00012.850 4.1611.01
6" cora betwcen houses 14 & 15 | §-5 413776 - 8.42100.13 . 54.30010.770 0.8410.13
6" core 30 yds N.of house #24 ' 5+6 _ R 38.80010.620 0.7210.17
6" core N.of hot area . §=7 ' 1; . 1,18100.59 °  :169.000F1,590 2,1910.23
Nousae 440 Duag S TS v - i . 19.70010.630

1

: . e .
' 3 ' S b
3



Table 2 {(Cont'd.)
Location by Island-Atoll

Sample K-40 Ca-137 Co-60
Description in Date pci/g pCi/g pCL/g

Soll: Bikind: Bikini

© lpyse #35, Dust i D-2 4/5/16 P 89.60+2.01
House #35, Dust © L D-2A Do 90.60+1.44
;f'uop-e #30, Dusc - D=3 Lot e 79.4013.39
liqusa #25, Dust I 1 2% R 59.80¢1.65
! Mouse #20, Dust - -5 . 53.1015.71
* lNousa #15, Duat -D-6 o 92.6013.90
House #10, Dust . -7 v ! 141.0012.57
Snnplc ILI‘GI I, Pic B 0-2.5cm p-) 4/6/16 t 263.0013.72  6.5241.210
T 9.6e8 v 4 o B-2 Sy 419.0016.66 10.7012.160
6-10 B-3 371.0016.08  9.4111.800
. 11-15 B-4 o 369.0045.45  4.1141.400
" 16-25 . B-5 78.07414.58 ., ,. . 42.8010.8)
© 26-35 S 3 e 3.3010.32
;anple series J, Pit G 0-2 3 om J-1 ' 24.54410.14 0 v 66.10i0.92 0.9510.442
2:6-5.0 - - J-2 10.14405.56 . . - & 46.3010.66 0.9910.308
o 6-10 B R 18.68107.70 . . ., 45.1010.70 0.9910.361
s R ) 32.08109.38 = . . . 25.00%0.54 B
; 16-30 _ J-5 29.07109.97 . . 4.6810.35
. 31-50 J-6 J ‘ 8.0010.20
R B 1 ' 3.7 <0.55
Slnple series K, Pit H 0-2.5 cm K-1 4/11/75 <49.76 _ 240,00th.49
- 2.6-5 k-2 <325 - - 198.00+3.15  2.1810.990
A 6-10 k-3 ! <3%.51 197.0012.97  2.3910.960
1n-4s - 0 K-&4 - - : . <22,95° - 186.00¢2.63  3.2710.830
16-25 ' v K-5 38.53115.66 123.0041.96  2.0510. 740
26-35 T K-6 62.99422.45 . , . 154.0042.51  2.32+1.000
36-60 'S 41.88117.42 . 132,00£2.09 1.8410.820
61-75 K-8 26.89+13,74 120.89+1,98  2.6410,760
Sauple serfes L, PIt J 0-2,5 cm L-1 " 37.41415.50 86.4011.66
2,6-5 L-2 42,97+15.66 80.20%1.59
6-10 L-3 © 21,78113.99 45.9010.73  0.9810.400
1-15 L-4 L <16.50 94.0011.33  2.1610.520
16-25 L-5 45,90124.96 276.00140.5 4.7611.260



Table 2 (Conte'd.)

Location by Island-Atoll

Sample K-40 Ce-137 Co-60

Pescriot lon ) () Dat s pCilgm pCtfem  _ pClegm

Sotl; Bikinl-Biking (Cont)

Sample Sorfosl, PitJ Lau) 26-35ce  L-6 4/17/75  32.67+11.48  60.3011.300
36-50 L-1 44.56112.13  27.2010.780
51-70 L-8 12.0010.520

foll; Encu-Bikinf _

Sawple serios B; Plt. #3 A/14/75

:.:-;.: 1-2 '1.5140. 263
1-7. R- 1.5510.241 0.5310.29
7.6-10 B-5 2.0010. 250 -

"Sample series G; Plg #2 2,6-5¢m C-1 A/14/13 5.3010. 340
5.1-7.5 C-2 ‘.5110.340
50-5% c-3 3.9740.360

. c-5 2.2643.210
:l's-g: c-6 2.1440.350
Sample series D; Pit #1 3.3440. 360
0-2.3 p-11 2310.380
1.1-7.3 cm D-14 7.2310.
7.6-10 -7 4.2510.330
11-15 p-1 1.9910.270
16-20 D-6 1.5210.310
21-25 D-5 0.8410.280
l.(._.l.o D-lz . 1.261_0.320

49-33 D-4 <0.33
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Table 2 (Cont'd.)

Location by lualand-Atoll

Sampla K-40 Cs-137 Co-60
Description m Date pCi/g pct/g pet/g
Sofli Nam-Blkini (Cont)
6" Cora noar U-2 5-8 4/1176
6" Core naoar W-1 8-9 10,0010, 340 2,70040.220
0-40 cnm profile; Soll Pit W-1 0-5cm S-10 12.0040.450 3.06010,290
6-10 §-11 03.3010,220 3.37010.250
11-15 8-12 04.1410.290 5.73010,390
16-25 5-11
26-40 5-14
0-50 cm profile; Soil Pit W-2
11-20 5-17 17.1010.470 4.82040.314
21-25 s-18 2.4110.180 0.67010.119
35-50 §-19 0.6910.095 0.21910.075
6" cora, cnd of esst transit §-20 79.0041.020 157.00010.564
6" core, Station E-1 §-21 3.210+1. 140 9.3810,350 7.40010.380
0-50 cm Compoaite station E-1 §-22 9.9210.380 3.89010.290
6" core betwesn atatfon 1 and 2 8-23 9.4910.340 3.94040_280
5 cm composite-] samples bet.5L.162 §-24 23.4040.520 6.71010.350
6" core, Station #2 3-23 10.1040.390 1.390+0.190
5 cm compostte-3 samples at St. #2 5-26 13.8010.420 2.91010.240
4/8/16 26.2010,700 35.7300.410
0-3 S~
6-10 8-28 0.92740.6719 9.7410,380 1.31010.180
11-20 5-29 4.5210.240 0.76610.135
21-135 5-30 3.5810.220 0.67710,121
36-45 5-31 1.6310.149 0.16110,064
46-50 5-32 1.5410,.150
51-60 5-1] 0.9610.106 0.13510.056
61-10 5-34 0.9410.107 <0.0807
6" core betwaen sahore & St. #H-1  5-35 5.8710.260 1.38010.160
6" core between Sk, fW-1 & W-2 §-36 17.9010.440 3.36010.240
3 cm composlite~) samples St.#l §-37 11,3040, 340 1.43010,155
and shore
6" coure betwcen t. #1 and 5-38 N 8.1710.311 1,42010.162

shiorel lne




Table 2 (Cont'd.)

Location by Island-Atoll

Sample K-40 Cs-137 Co-60
Description i Date pCi /g pCi/g pCi/g
Soil; Raugelap-Ronpalap )
9-10 profile (150-200 yds) 5-1 4/1/16 16.5010,380 0.47010.085
12" profile last house cast end §-2 10.5010.462 0.64710.165
12" profile bchifnd Jabwe's houss §-3 13,4010.403 0.137810.090
12 profile last house &-4 7.0810.334 0.11010.065
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Table

Location by Island-Atoll

3

behind house #10

Bample K-40 Ce-1137 Co-60
Doscription 1D Datec pCt/g pCi/g peilg
Vep. Bikini; Bikini
- Coconut Trec-leavas/Norch-2ad BL v-66 411114 321,000102.780
Coconut Trec-leaves/South-lat BL v-72 154.004060.50  301.000102. 080
Coconut Tree-leaves/South-2nd BL v-13 <11.00 318.000%01.320
Coconut Tree-leaves/Coenter-Row 34 v-74 v 411.00+122.00 838.000105.110
Coconut Frond North-lst BL v-82 YAVl 178.001045.40  343,000)02.120
Coconut Frond-North of House #37; v-38 4/16/75 < 9.47 28,200100.484
Coconut-Frond Pic C v-40 55.500100.78)
Coconut-Frond Pit N v-42 424.000t18.100 204.0412.50
Coconut Heat V-120-A Vv-120A 3.333001.01 10.800100.455
Coconut Heat V-120-8 v-1208 26,.3041005,91 177.000103.120
Coconut itk V-121 v-121 1.174000.61 J.593100.082
Pandanusrleaves North 3rd BL v-67 4/12/74 18.511001.47  46.600100.519
Pandanus-lcaves PLe & v-90 } 16.604009.42  196.000101.370
Pandanus frond lagoon road-Houses 35 & 36§ V-3l 4/14/15 159.000102,130
Pandanus frond 3cd BL - Sea v-32 4/18/15 32.274011.73 46.200100.837
Pandanus frond house #30 v-34 10.55+001.07 115.700i01.600
Pundanus frutc-northeast l - -
Edible V-80A 4/12/14 327.000102. 340 21.2¢ 3,43
Inedible v-89B 284.000102.460 11,14 3.62
Cora v-89C 16,80+ 12,80 549.000105.690
Pandanus frutic-Pit #4
r.ndf.‘:.:l.“?mu . V-91A 471274 425.000102.330  12.04 3.31
~lagoon Rd bet, v-30 4/14/15 14.914 2.24  945.000+1}.800
Mouses #35 & 36 - -
Pandanus fruir-house #1310 v-35 4/18/715 422.000105.210
Pandanus fruic-lagoon road v-36 4/16/15 43&.000105.070



Table 3 (Cunt'd.)

Locatfon by lalaund-Atoll

K-40 Ca-1137 Co-60
Dascription Date pCi/g pCi/g HH VS
e k - Coqt
Scavmla Jcaves~-North v-68 4112714 110.0 101.030
Scaveala leaves llouac #1310 v-71 4116715 .111.00102.01.0
Scavcola lesves Pit A v-1 4/18/75 <12.82 137.001{’2-070
Scaveola leaves Pit B v-2 1460.00121.800
Scaveol leaves Pit C V-3 ““'00-'-06'“‘60
Scavcola leaves PIL D V-4 418.00105.790
Scaveola leaves Pit E V-5 352.00104.980
2413.004+03.370
Scaveola leaves Pit F V-6 —
393.00405. 740
Scaveola leaves Pit G ~ Row 14 v-7 1103'00716 300
Scavcols Jeaves PIt I - 3rd b/1-N V-8 v 179'00702°430
Scavarla leaves Pit L v-9 25.97113.99 =T
Scaveola leaves Pt M v-10 27.43_‘10.69 098.20_101.10[00
Scaveola leaves Pit N v-11 & l6.75_!.06.76 092.30101.290
Scaveola leaves ncar Palm Trae v-12 4/16/15 13.99407. 84 130.00101.770
Scaveola lcaves nenr USGS Well v-13 .L 14.41109.52 172.00102.350
Imaature Pandanus-llouse #35
Veulc A 4/5)16 6’09.00105.790 l7.40_'_5.50
Corxe n 1120.00410.700
Stem c <48.50 706.00108,280
Inedible D 648.00106.170 11,7016.35
Pumpk in-llouse #40 hd
Flesh V-2A 4/5/16 25,70107.94 326.004102.510 11,5042.61
Seed v-28 126.00%01.070
Skin v-2C B A 20.90105.87 228.00401,740 4.32+42,13
6quash-louse #29 v-51 4114775 37.20110.81 232.00103.510
Arrouv Root Tubers K of Mouse #4 V-52 411715 1250,00+19,800
Banana Fruit behind louse #24 v-53 11.73402, 24 30.20400.330
Banana Skin behind llouse #24 vV-54 32.08405.44 56.90100.973
Breadfruft leaves Pit I v-55 4/18/158 65.84113,24 29.70100.985
Jumature breadfruit Ldiind House #34 V-4 4/5/176 17.60405,21 159,00101.370
Ismature breadfruit bet, H.16&17 V-6 13.60102,85 85.30100.730
Breadfrult~composlita of samples V-7 4/6/16 191.00101.860

between Houunes #8 & 9
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Table 3 (Conctd.)

Location by lsland-Atoll

Sample K-40 Cs-137 Co-60
Description 1D Pate pCil/g pCi/y pCile
Vep, Rongelap-Bongelap_(Cong) .
Pandanus Fruft v-26C1 4/3/16 117.0011.270 6.2341.65
Stem v-26C2 120.0011.170
Core vV-26C3 33.60109.04 233.00142,060
Inedible v-26C4 11.10105.04 89.30¢1,040
Pandanus Frult v-2611 15.00101, 84 69.9010.430
Stem v-26R2 31.90105.90 56.2010,820
Core v-2683 63.40F17.00 96.6011.540
Inedible V-26B4 12,10102,26 39.2010.400
Pandanus Frult V-26Al J.17t01.18 18.7010,200
Stew V-26A2 35.3011.650
Core V-26A3 50.7041,290
Inedibla v-26A4 4 6.09192.52 10.8010.200 <
Pandanus Frult - edible Tree #2 V-86A 414114 9.65101.2 23.5010.240 -87
Inedible - Tres #2 v-868 4 1.54101.88 12.3040.240
Pandanua Fruft Edible v-85A 4/5/14 6.63101.37 38.2010.300
Iaedible v-858 1 . 11.00102.29 25,6010, 340
Pandanus Fruit Edible Tree #1 E  v-84 414114 <4.13 g;‘g‘igggg
Pandanus :::r:b;:lble ::2221 k/%l)b 10.80103.30  72.3010.670
Core V-26E2 29.80109.80  112,0011,230
Inedibla V-2683 1 11.00102.60  50.6010.440
Vegetation Enfairok-Rongelap
Scavcola leaves; oceanslde vV-6Y 4/6/14 9.30401.69 3.7310.124
M.sscrachuidla leaves; oceanstde V-78 7.48102.36 22,6010,310
Bread Fruft leaves vV-80 8.23101.81 14.9010.243
Yandanus Frule-Edible V-88A 4 191.00i1.410 13.742.03
Coconut Mecat v-118 4712775 6.65101.60 5.2610.320
Coconut Milk v-119 4 1.0110.143
Vepetation Kabelle-Roagelap
Scaveola lcaves v-81 4/6/74 17.80101.72 15.7040, 240
Vepetation Defrdk-Ueivik
Pandanus Fruit-Edible v-87 NIV 1.58101.32 20.2040.214 <0.89
Inedibla & 7.69402,53 21.2010.310

V-87A



Table 3 (Cont'd.)

Location by Iuland-Atoll

Sawmple K-40 Ci-137
Description 1D Date _pCi/p pCl /e
Veg. Urivik-Uririk (Cont)
Breadfruit skin & core: v-92 475/74 17.7042.26 11,9010.265

Jakas liouse
Breadfruit Edible: Jakas llouse v-93
Arvowroot - skin east end island V-94A

Coconut Copra v-104

¥Yeegetatfon Wotho; Wothe

Pandanus Frult - edible V-106A
Breadfrutit ekin & core v-107

Breadfruit meat v-108

Coconut milk v-111

Coconul weat v-112

4/5/14 13.0011,06
4/1/74

l

7.8842.80

4/19/75
l 9.55+1.92
. 3.7441.04

9.3710.144
16.2043.840

6.7140.210
3.4610.262
1.0410.143

1.3610.260
1.1010.120



Table 4

Locatlion by Island-Atoll

Sawpla K-40 Cs-137

Description 1) Date pci/g pCifg
CAtclmelLt‘ Scdimcnt-Bikini 19.90 42.04

llouse #1315 " . 5/16 .20 42,
Mouse #30 §edlacnt gl 413/ 63.00 ¥1.93
llousa #25 Sediment 3 38.40 13.09
llouse #15 Sedtment #5A 42,80 +1.09
Nlouse #15-1 Sediment #21 36.30 11.21
Hlouse #20 Sediment #4 18.00 10.72
Sediment §6 20.50 Tl 20

House #10 -20 L.

WATER - Bikinl l 201/1

H-
"_;’ w-4 4/6/16 1.92010.346
el W-3 0.68110.315
W-1 4/4/16 1.06 x 107%49.71 x 1073



Table 4 (Cont'd)

Location by Island-atoll

Sample
cescripeion D Date Co=40
Catcnnent Sediment - Bikint
Zouse #33 Sadiment #1 4/5/76 Not detectable
Housa #30 Sediment #2
Souse #15 Sediment #5A
House #10 ~ Sedimenc %6
House #20 Sedimenc #4
House #15-1 Sedimenc #5B
3ikini at Eaeu
Watar we-l W=1 4/4/76
Soil; 3ikini ac 3ikiai E=4 4/17/75%
Sample Series E, ?iz X E=-% |
z-6 hd
Animal: 3ikini-3ikiai
Muilat (Viscera) r-1C 22/8/74

- 25 -



Table 5

locatlon by lsland-Atoll

Sanple K-40 Cs-117 Co-60
hescription 0 Pate pCi/e potly pttdy
Antwal, Biking - Bkind
Hackerel (Scales) Lagoon F-6A 12/8/174 10.6043,02 1.61010.461
Hackerel (Flesh) Lagoon F-61 19.4013.417 0.60840.126  2.57040.317
Hackerel (Viscera) Lagoon F-6C 11,9041.95 5.07010.93)
Hackercl (bones, gills, head) Lagoon F-6D 5.4942.21 1.58010.452
Tridacna Lagoon F-17 4/16/15 11.4012.4Y 1.21012.210
Anfmal, Bikini-Eney
Fish (Scales) F-3A 4/14/25 11,9042.35 1.42040.288
11.5042.17 1,32040.266
Anfmal  Bikini-Naw
Hullet (Plesh) F-1A . 127877t 9.3411.,97 2.39040.349
10.1012.14 2.61010. 381
Muller (Boue) F-18 1.65010.456
Hullet (Viscera) F-1C 7.00+3.00 8.820it.120
Hullec (Fin. Scaler) F-1D ¥ 4,0511,62 0.43310.101 1.32010.480
12/8714 4.3811,76 0.48110.170  3.06010.440
Snapper (Scales) ¥-4A B8.0541.48 1.63010, 241
Snapper (Flesh) F-48 16.9042,22 1.12010.21)
Buspper (Viscera) F-4C “7,2241.68 4,52040.445
A 6.6711.55 4,17010.411
Suapper (Bone) F-4D 3.54%1,14 0.90110.174
Animal, Bikini-Endirik
Conv, Surg (Scales) Weet Xnd Recf P-5A 12/9/74 4,38+1.23 1.98010, 264
Conv, Surg (Flesh) » P-51 15.0012,.04 1.77010,25%
Conv, Surg (Vliacexa) » F-5C 5.7811.44 3.33010, 350
Conv, Surg (Bones) " F-50 3.03K1.29 1.65010.26)
Animal ., Kuwajalein, Yusi
Coconut Crab (Shell) F-0A 12/9/74
Coconut Crab (Meat) ¥-0b 13.4042.56 0.67410.139
Coconut Crab (Viscecra) F-8C 8.3411.96 0.48140,112
Anlimal  Rongelap-ftongelap
Parvot ¥ish (Flesh) P-2A 12/8/14 17.70+2.58
barrot Fish (Scales) F-2n 9.3612.33
Parvot Fish (Bone) F-2C l 5.29+1.22
Parrot Pish (Viscera) P-2D 4.6011.42



-Lz-

Locatton by luland-Atoll

Table 6

Sample Sr-90 Pu-218 Pa-2139/240 Am-241
Description I Date pCt/e pCi/y pCi/g pCt/e
fall; blkini-Bikint
Sample scerles A, PLE M 0-2.5 cm A-] 4/12/715  81.3410.81 16.0942.20
2.6-5.0 A-2 67.1610.74 09.0411.80
6-10 » A-3 39.7640.40 04,181 80
11-15 A-4 37.6210.38 02.2910.46
15-25 A-5 30.3240.30 0.521) 45
26-35 A-6 21.1410.27 0.32)0.10
36-70 A-1 21.7210.22 0101 ()
71-100 A-8 B.5410.12 0.041) (4
Sample seviea E, PIt K 0-2.5 cm E-] 94.0140.94 10.231 47
2,6-5 E-2 120.3641.21 1.181n 94
6-10 E-] 150.9941.51 14,9412 .98
11-15 E-4 101.5111.02 4.7510.96
16-25 E-5 131.6211.32 4,881, 94
26-50 E-6 54.0510.54 o.1981p 06
51-25 E-7 1.6110.07 0.0924) .09
76-100 E-8 0.1610.01 0.01410 )
Sample series F, Pit L 0-2.5 cm F-1 162,6611.63 22.564) 59
2,6-5 F-2 216.8512.19 29.0315 g
6-10 F-3 323.1143.23 42,3242 .40
11-15 ¥-4 25).2542.57 27,501y .50
16-25 F-5 159.2841.59 6.691 .38
26-50 ¥-6 21.3510.36 0.10238,03
51-75 k-7 6.0510.15 0.02510.02
76-100 F-8 1.8810.09 0.01410.01
Sumple sevies G; Grab aawples G-1 v 14,3910, 17 2.02010.40
Sample series M; Pit F 0-2.5 cm 1I-1 4/16/75 520.2745.28 44.9212.01
2.6-5 N-2 527.5245.73 48.2412 .60
6-10 n-3 573.4215.73 46,9412 40
11-15 H-4 562.6115,61 40,691, 00
16-30 n-5 394.5943.95 23,012 22
31-50 H-6 | 10.6710.17 0.04210 .40
51-70 -7 g 4.6610.12 0.0161).20
6" core¢ betweea houses 14 & 15 5-5 415176 45.0610.49
6" core 10 yds N, of house #24 $-6 77.0010.613 '
6" core N of hot avea -7 123,6810.74 7.4110.96
Nouse #40 Dust - b-1 N 7.1610.15 0.10610.021 1.82910,082




Table 6 (Cont'd.)

Locatfon by laland-Atoll

Pu-2139
S5r-90 Pu-240
Description Dat e pCi/g pCi/R
Sofl: Bikial; Bikiat
4/5/76
House #30, Dust D-3 26.41+1.08
Nouse #25, Pust D-4
flouse #20, Duat n-5 29.1111.69 .28310.066 1.72010.20
House #15, Dust D-6 J
Nouse #10, Dust n-7 ’ 43.0410.67 .02710.020  3.56910.41
Sample series I, Plr B 0-2.5 cm  p-) 416116 578.81315.79 39.81012 90
2.6-5 B-2 535.14145.35 53.600¢2 71
6-10 8-J 869.3418.69 60.18012 1)
11-15 B-4 565.3245.65 21.73087 )5
16-25 B-s 2642,7212.43 1.3201p 50
26-35 -6 22.1010.22 0.22010. 20
36-50 -7 0.46F - 0.009 -
51-75 b-8 0.364 - 0.014 _
Sample geriea J, Pic G 0-2.5 cm  J)-1 34.8410.139 6.53040.5%
2.6-5.0 J-2 45.5010.46 7.1404) )4
6-10 J-3 35.5410.36 6.03040 72
11-15 J-4 42.1841.01 4.76010_50
16-30 J-5 37.3610.41 5.92010,66
31-50 1-6 4 14.6210.34 :
51-75 J-7 1.80+ - 0.0231),01
Sample uertes K, Pte W 0-2.5 cm K- LIL1135 198.3111.98 16.2501] .25
2.6-5 K-2 191.8511.92 17.3001) .85
6-10 K-3 175.3241.75 15.2309), 94
11-15 K-4 193.8711.94 19.1004) 8]
16-25 K-5 180, 3611. 80 14.6203) .15
26-15 K-6 206.44%2.06 15. 28015 0
36-60 K-17 205, 1442.05 12,9104 43
61-75 K-8 191.5811.92 12,1401 (2
76-100 K-9 26,.1510.24 D.13% _
Sample seviea L, Pict J 0-2.5 cm  L-1] 135.5411.76 7.89Gy) 77
2.6-5 1.-2 88.4210.83 1.8304) 9y
o-10 L.-3 60.4510,61 5.12090 (8
11-15 L-4 1 108,6511.09 1304011 .52
16-23 -5 373.6913.74 24,9704 .09



[ ]
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Table 6 (Cont'd.)

Location by Island-Atull

Pu-239
Sawmple S$r-90 Pu-238 Pu-240
__Bencription 1D Dute pCilg pCt/g pet/p

Soll: Kikinl-niking (Cont)

Sample Scriesh, PiLY Gan) 26-35cm  L-6 K115 251.9412.520 2.00010.0)
36-50 -7 149.0011.490 0.0081 -
51-70 L-8 20.8010,290 0.0121
71-100 L-9 0.3610.020

: '0.5740.040 0.0041 —
101-120 L-10 i 0.90F - 0.0091 -

Soil; Encu-Bikint

Sample sceries B; Pit. #3 30-35cm h-1 4/14/15 0,41+ - 0.004+ -
0-2,5 B-2 1.2410,074 0.160¢0.10
61-66 B-3 0.45T - 0.0051 -

5.1-7.5 B-4 1.0810,060 0.27010. 25
7.6-10 B-5 1.6140.070 0.25010 .20
2.6-5.0 B-6 v 1.1610.080 0.18019" 19

Sample sceries C; Pit #2 2,.6-5¢cm C-1 4114715 3.1840,110 0.67D10.55

5.1-7.5 c-2 1.1610.100 0.5601().25
50-55 c-3 1.8210.070 0.8404) 24
3.8410.130
7.6-10 c-4 4.0010.080 0.64010, 30
4.1210.140
61-66 -5 3.9110.070 0.0901 -
4.3010. 160
66-71 Cc-6 10.4410.120 0.050¢ -
9.74710,180
86-91 C-7 8.3810,150 0.009+ -
5.3810,120 0.008) -
0-2.5 c-8 4.1310,080 0.71010.60
] 4.4610.130
35-40 c-9 g 6.2110,110 1.28010. 33

5.3210.132
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Tauble 6 (Cont'd.)

Location by lsland-Atoll

Pu-219
Sawple Sr-90 Pu-240
Descriptlon 1) Dat e pCl/g pCi/p
Soll: biktoti-Bikinl (Cont)
Sample serles D] Plt #l 11-15cm  D-1 0.34510.27
3.9210.070 0.21010.15%
86-91 D-2 0.45¢ - 0.004F _
59-63 D-3 1.3410,060 0.0141 _
49-5) D-4 2,6410.090 0.045¢ -
21-25 D-5 5.4140,010 0.35410, 11
16-20 D-6 5.3240.010 0.130210.10
7.6-10 n-7 10,5140.170 1.67040), 80
6.3410,150
2.6-5.6 n-8 7.4210.150 0.56210,39
54-58 n-9 1,9010,100 0.023¢+ -
38-43 D-10 4.27810,110 0.11640.12
0-2.5 D-11 7.6510.150 0.92310.44
44-48 D-12 3.36t0,100 0.080+ -
Not ‘rcuenc D-13 - -
5.1-7.5 ¢ D-14 11,800,390 1. 93040, 67




Table 6 (Cont'd.)

Lacatton by island-Atoll

. Sauple Sr-90 Pu-238 Pu-219/240 Am-24)
Desceiption {1 Date pCi/g pCi/g pCi/g reifp
soll: Naw-flkin{ (Copt) o
6" Core ncar W-2 5-8 4/71/76 53.8910.53
55.5710.19
6" Core necar W-1 5-9. 35.2510,42 11.9010,58
0-40 cm profile; Sotl Plr W-1 0-5cm 5-10 22.7410.50 108010, 69
6-10 s-11 27.1740.54 11,3010, 56
11-15 5-12 56.4710.76 21.9010.92)
16-25 5-1) 261.5911.17 )
26-40 5-14 57.1910.54
0-50 cm prefile; Sofl Ple W-20-5m 5-15 50.7410.79
49.5210.50
48.6310.50
6-10 5-16 69.4310.60
11-20 5-17 68.0410.57
21-25 5-18 47.5110.50
35-50 8-19 37.4510.44
6" core, end of ecast transit 5$-20 183.80)1,.00 50.1011.35
6" corc, end of cast transit - §-20 186, 7441 .45 1A
6" core, Station E-1 5-21 58,5910, 56 11.2010.62
0-50 cwm Composite station E-1 §-22 67.2410.061 11.00t0. 71
6" core betwecn atatlon 1 and 2 $-23 54.1010.51 15.7010.70
9 cm composite-d sumples bet.St.162 §-24 105.5710.74 19.7010.487
6" core, Statton #2 $-25 715.3010. 64 01.6210.45
6" core, Station #2 §-23 J 84.2211.02 NA
5 cm composlte-3 samples at St. #2 $-26 96.7010.71
9-70 cwm profile; St. #2 soll ptt §-27 4/8/76  75.3010,62
N-5cu 77.0110,64
0-5 §-27 83.8011.41
6-10 5-28 14,620,139 2.7410.48
11-20 $-29 14.6940.39
21-15 - 5-30 9.9310.13
136-45 $-31 4.5410.22
46-50 $-32 3.3310.19
51-60 $-3) 3.0010.17
61-70 $-34 2.1210.106
6" corc bictucen shore & St. #W-1  §-35 24.4610.51 10.6010.56
6" core between St #UW-1 & W-2 $-36 25.48810.50 9.33110.55
S cm composite-d vamples Sc.#l 5-37 15.1010,41 6.3210.45
and shorve ' J ,
6" core between St.. #1 and $-38 4 16.2210.36 -1510.37

shoveline
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Table /
yioo . Locatfon by Jsland-Atoll

o = : Sample | . Sr-90

. - rau-238 Pu-2739724¢)
Deascyiprton n bate pCH/g pti/g eI/

Veg. Wikint; Wikint ; o _
Coconut Frayd-Noreh 9F Hopse #37. ) yV-38 C 4116775 34.2110.620 0.125t0..10
Coconut-Fropd Pit € . ' ' V-40 ' 13.8510.300 0.0971 _
Coconut-Frond Pic N v-42 34.7310.450 0.029  _
Pandanus frond lagoon road-llouscg 35 & 36 V-3l 4714775 402,164,020 0.0441 -
Pandaous frond 3rd Bl ~ Sca v-32 CA/18/775 2060,2712.600 0.031t -
Pandanus frond liouse #30 V-3, N l . 41.46140.456 0.074¢  _
Pandanus Erult-lagoon ud bet. : v-30 . 4714775 199.3241.990 0.0100 -
llouses #35 & 36 : ‘ :
Pandanus frult 3rd-baseline v-33 4/18/75 193.6041.936 0.001¢ -
Pandanus fruft-liovse #30 . y-18 V) . 38.3210,380 ., 0.002+ -
Pandanus €rult-}agoon road. v-36 | 4/16/75 34.1740.342 g.o010+ -

behind house #30 ‘ ‘ .
Messerachmidia leaves Pit A V=17 v 418775 14.6210.16 _ 0,070 -
Hesserschmidia leaves Pt © © V-1 ; .113,6011,14 0.18210.12
Messerschmuidia leaves Pit G v-19 ; . 35.2010.35 0.41710.29
Messerschmidla leaves Plt 1 v-20 97.7510.98 0.45910,21
Messerschmidia leaves Ple M v-21 304,051, 84 0.685310 .48
Messerschmidlia leaves Plc N - N-22 X - 104.1911.04 < 0.67110.131
Messersclmidia leaves v-213 © 56.6710.57 0.18140) )1
south road NW of Bunkep
Messerschmidla leaves - USGS well . v V=24 4/16/75 110,5411,11 . 0,98510 .60
Papaya (Qumaturc) N of llouse #25

Fruit o V-5A 4/2/76 7.0940.20

Papaya Fruit - behind Mouse #24 V-4 4714715 79.1910.87" 0,001+ -
Papaya Fruit - behind Nouse #24 v-49 . 74.2810.74 0.009¢+ _



Table 7 (Cont 'd.)

Locatton by l1sland-Atol)

Sample S¢-90
bDescription b Date pCi/g
Ve, Blkind-Bikind (Cont)

Scaveols leaves Plt A v-1 4/18/15  47.0710.4)
Scaveola leavos Pl B v-2 168.56t1.69
Scuvesls leaves Plt C V-3 162.9341.6)
Scaveula leaves Pl D V-4 127.39+1.27
Scaveola leaves Pt B V-5 80.9010.81
Scaveols Jeaves Pit F V-6 37.6410.38
Scaveola leaves it G - Row 14 v-) 50, 5410.51
Scaveola leaves Pic I - Jrd b/1-N V-8 166.8941.67
Scavsla lcaves Pt L v-9 124,60141.25
Scaveola deaves Pit | v-9-1 155.05141.55
Scaveola Jeaves Pit M v-10 49.2310,.49
Scaveola Leaves Pic N v-il ¥ J8.6410.139
Scaveola leaves near Palm Tree v-12 4/16/15  31.3510.0
Scaveola leaves near HSGS Well v-13 J, 39.6610.40
Inmature Pandanus-Houvse #1395

Frult V-3A 4/5/16 172.3641.09

Inedfble v-3p 64,0840, 64
Puopk in-llouse #40

Flesh V-2A 4/5/16 9.6210,22
Squash-llouse #29 v-51 LW1V4115 5.3140.14
Arvow Root Tubers E of llouse #4  V-52 4711175  9.6910.85
Banana Frult behind House #24 v-53 J 9.3310.23
Banana Skin behind Nouse #24 V-54 g 90.0070.90
Breadfeutt leaves Pi 1 V-55 4/18/75 377.8813.78
Tuswature breadfrule Wwhiand howse #34 V-4 4157176 B0.9710,65
lumature breadfrult bet, M. 16417 V-6 l 4],3[10_35
Breadfraft-composite of samples V-7 4167176 48.0910.58

bLetween Nouses #8 & 9

Pu-239
Pu-240

pet/g pCi/p B

011510, 12
0.18C§ . 18
0.156K) .16
0.0701 -

0.522y) 5y
0.3664) 40
0.248Y) 25
0.35890.139
0.1481) .15
0.1450.15
0.931 1,54
0.014+ _

0.080t

0.205Y), 20

0.003+ -
0.23910.15
0.002% -
0.018% -
0.14810.12
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Table 7 (Cont'd.)

Location by lsland-Atoll

& E-1

S¢-90 Pu-239/Pu-240
Description Sawple Date nCi /e AV
Neoctotdeni  Encu-Bikinl
Scaveola leaves Pit 41 v-14 44715 14.6910.210 0.00714
Scaveols leaves Pit 2 v-15 6.1140.150 0.009F -
Scaveola leaves Pit #) v-16 1.8240.075 0.023t+ -
Hesserschmidia Jeaves Pit #1 v-25 19.4240.290 G6.001+ -
Hesseruchmidia leaves Pit #2 v-26 50.8110.510 -
Measerachmidia leaves Plt 4) v-27 37.2440.370 0.010+ -
Hesserschwidia frult Pit 41 v-28 . 4.3810.350 0.004¢ -
Hesserschumidia fruic Plc #) v-29 16.17810,500 o0.018r -
Pandanus-frond; Cemp Blardy, lagoonroad V-56 4/15/15 6.1040.210 0.005+
Negetation: Naw-Bikini.
Scaveola nesr soll pit at St -2 v-8 4/1116 104.2910.830 -
Scaveola betwaen Sc. -1 & W-2 v-10 198.09+1.450
Scaveolanear soll pit at Sct. #U-1 v-14 89.3840.980
Scaveolamldway betweea beach & St, v-15 98.23+1.040
-1
Scaveola beyond E-2-end of east t/a v-17 175.21+1.320
Scaveola near E-2; ¢ast transect v-19 103.19+1.040
Scaveola between E-1 & E-2 v-20 93.5310.960
Scaveola near E-1 (East transect) vV-2) L 111.96+1.110
Scaveola between shore & E-1 V-24 4/8/76 62.1210.840
Hesserschmida at Sc, #W-2 V-9 4/1/16 321.81+1.520
Messerschaida betueen W-1 & W-2 v-11 258.32+1,800
ticaserschwida near St, -1 v-12 74.8310.820
Hesserschwida near soll pic, W-1 v-13 167.9341.410
Heuserschmida widway betwcen beach v-16 191.65+1.500
& -1
Mcuderschuwida East transoct near E-2 v-18 301,5041.900
Mceserschmida * between E-16E-2 v-21 J
Hevserschmida * near E-1 v-22 g
Messerschmlida “ between shore v-25 418116 133.6241,240
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Table 9

Soil Cores

‘s, Average Concentracica in pCi/g 2rv Weighe

-

AND Sr-30 >3-239/240 Am-24l  Xes0 C8-137 Co=nd
3tkint $3.5 1.4 7.4 12 77.2 1.3

"Nam 71.2 - 14,0 3.1 17.4 16.1
Rongelap 15.3 - 1.82 - 11.9 0.4
Table 10

Soil Profile
ISL Highest Concentractiocm in pCi/g Dry Weight

A“D Sr-90 >3-239/240 Ame24l  XeuQ C3-137  Co-40
Bikini 3zs 32.3 - 45.3 228 5.4
Nam 138 - - 0.93 18.5 3.9
Eaeu 7.9 0.93 - - 4.9 0.5

Table 11

Messerschmidia
ISY Average Conceatration in pCi/g Dry wWeighe

ANU Sz=30 232239/239 Ame241  Xedd Cs-127  Cae=ny
3ikiai 114.6 ) 0.5 - - 426 25.3
Nam 207 - - 11.9 238 9.5
Eneu 25.7 0.01 - 17.4 64.9 6.7
Zaiaicok - - - 7.5 22.6 -

Table 12

Pandanus - Edible
‘SL Average Concentration in pCl/z Dry Weighe

A": $c-30 312297240 Am=24l  ¥-«Q___ Cs=137 _ Ca=a0
3ikial 235 0.50 - 14.9 402 16.5
Rongelap 2.51 - - 10.5% 55 6.2
Snisgitok - - - . 191 13.7
Teizik - - - 1.5 20 0.3
Wotho - - - 7.9 3.5 -




Table 12

Scaveola Leavas

~SL Average Concenzracion i{a 3Ci/g Dry Weighe

AND Sr-30 Py=239/24Q Ame 24l Lesd Cs=i37 Z9=4Q
3tkiad 91.5 0.2% - 19.7 J65.4 -
Nam 115 - - 10.5% 77.7 10.4
Saeu 7.5 Q.01 - 15.1 22.3 -
Roagelap - - - 9.1 9.1 -
Xabelle - - - 7.3 15.7 .
Eaiaicok - - - 9.3 3.7 -

Coconut Meat

s, Average Concentration in pCi/g Dry Weighe

AN‘D Sr-30 Pue219/240 Anelol T=-wd Cs-137  C9-20
3ikial - - - 14.8 34 -
Taiaizok - - - 6.7 5.3 .
Rongelap - - - PO 18.2 -
Utizik - - - - 6.7 -
3igej - - - 10.7 0.13 -
Wotho - - - 3.7 1.1 -

Taole 15
RreadSruics
IS, Average Concencration in pCL/g Dry Weignt
-

AND Sr=%0 P1=239/240 Am=261 X-ad Cs=137 (2440
3{kint 56.8 - - 15.56 116 -
Rongelap 1.6 - 10.8 28.3 -
Eniaicok - - 8.2 14.9 -
Ueirtk - - - 15.4 10.6 -
Wotho - - - 9.6 1.2 -

Table 16
ArTowraoot
Is, Average Concentraction n pCi/z Dry Weight

AND Sr=30 Pu=23%/240 Am=251 Lewud C3=137 23=4Q
B8ikini 9.7 0.24 - - 1220 -
Rongelap - - - - 0.3 -
Ceirtk - - - - 15.2 -

-39 -
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ABSIRACT

External radiation measurements were made at several atolls in the
northern Marshall Islands, which are known or suspected to have been the
recipients of tropospheric fallout during the Pacific Testing Programs.
Sufficient data were avallable to ascertain realistic dose prediccions for
the inhabitants of Rongelap and Utirik Atolls where the 30 year integral
doses from external sources exclusive of background radiation were 0.65
and 0.06 rem respectively. These estimates are based on realistic life-
style models based on observations of each atoll community. Ailuk and
Wotje Atolls were found to be representatives of regional background radia-

zion levels.



Introducrcicn

In 1976, Brookhaven National Laboratory initiated a program of external
radiation survey for the Rongelap, Rongerik, Ailuk, Wotje and Utirik Atolls.
The purpose of these surveys was to provide sufficient information concerning
the ambient radiation levels resulting from the mid 1950's weapons testing
program to make external dose calculations for the individuals living in the
surveyed areas. During the last two years, sufficient measurements were made
to provide external dose information for most of the populations in the region.

The data from Rongerik, Ailuk, Wotje, Rongelap and Utirik Atolls were
acquired during trips in September 1976, May 1977 and Cctober 1977. All the
exposure rate information gathered from these atolls was obtained with a pressu-
rized ion chamber.

The equipment used in these studies counsisted of a Reuter Stokes Environ-
mental Radiation Monitor, Model RSS-111 and a gamma spectroscopy system cousisting
of a sodium iodide detector coupled to a portable multichannel amalvzer. Eaviron-
mental exposure levels were assessed via the RSS-111, and the Nal gamma spectro-
meter was used to determine the energy dependence correction factors for the
RSS-11l instrument.

The field trips were staffed by BNL personnel and guest sc.entists from other
institutions. Participants are listed later in the reporc.

This report represents all of the axternal exposure data collected to date dy
3NL from these atolls. From these data, we have made external exposure estimates

for the people living on Rongelap, Ailuk, Wotie and Utirik aArcolls.



Inscrumencaticon and Methods

A) Ion Chamber Measurements

All environmental exposure rate measurements were obtained using a Reuter
Stokes environmental radiation monitor medel RSS-111. The instrument is
designed to measure envirommental radiacion as low as 100 .Rad/year. The
RSS-111 consists of a spherical high pressure ionm chamber filled to 25 acmos-
pheres of argon. Incident radiation produces ion pairs within the active
volume of the chamber which result in a current flow. The current flow is
measured by an electrometer and is directly related to the free air exposure
rate (1).

The active volume of the stainless steel iomization chamber is known to
£01%. The current produced in the chamber is a function of incident radiation
from an external field, cosmic rav-response and contamination found in the
stainless steel. The equation relating instrument response to energy of the
incident radiacion is:

Rj = Kj I} + Ry + Ke Ic

where Rj = current produced in the chamber by the incident

gamma field

K} = proportionality constant stating the variability of
instrument response to the energy of the incident
gamma field

Ij = intensity of the gamma field in <R/hr

Ry = current produced by activity in the stainless steel

Ke = proportionality constant for cosmic ravs

Ic = intensity of cosmic rays



for a given area, the values of X¢ and Ic will be constant along with Rx.
Since we measure RT, the only unknown are XKj and Ij. The value of Xj can be
determined once the ambient gamma spectrum is known. Data from the manufacturer
indicates an error of as much as 6 to LO% could result if energy corrections are
not made to the gross readings.

The RSS-111ls wused in this study were calibrated at the factory using radium
sources whose calibration is traceable to the National Bureau of Standards. Cali-
bration of the instruments were also checked by EML (formerly HASL) prior to field
use.

Energy -Denendence Corrections

In the 1977 surveys, BNL used a sodium iodide detector, whose oucputc was
coupled to a multichannel analyzer. The purpose was to enable the BNL team to
acquire spectra of the terrestrial background radiation at one meter above the
surface. This was done at the same height and in the same areas where the RSS-111
measurements were taken, Consequently, energy dependence factors could be cal-
culated by examining the envirommental gzamma scan for the energies of those nuclide
most predominant in the terrestrial environment,

The equipment used to accomplish this part of the work was a computing Gamma
Spectrometer, Model LEA 74-008 #11 built by Lawrence Livermore Laboratory (2).

The system uses a Harshaw 5.08 cm diameter x 5.08 cm thick NaI(Tl) scintillacion
detector. The spectrometer can be operated from AC power or on internmal batteries.
Spectra are visually displayed on a CRT, and transferred to magnetic tape for
storage. Using the mach package with the system, each spectrum was examined in

100 KeV increments, and folded into the RSS-11l energy response curve to determine
the energy depeqdence facrors.

The range of factors aneeded to compensate the RSS-11l response due to energy



dependence was 1.0l to 1.05. The mean correczion was approximately 1.02. Conse-

quently, we felt no need to correct the remaining 1976 or 1977 data for the

minor energv dependence encountered.

Results

A total of 112 RSS-11l measurements were taken on five atolls. Each dara
point is the average of at least 20 individual readings. This assures the
precision of the value while the initial calibration guarantees accuracy. The
one sigma error is on the mean exposure rate. All exposure rate values include
nacural background except where otherwise noted. Figure 1 graphically presents
the data obtained at Eniwetak Island, Rongerik Atoll. On this island, random
Teasurements were taken along a central northsouth transect. Table 1l presents
the raw data collected with one sigma error. The average exposure rate for this
island is 6.3 =R/hr., This is about 1,5 times higher than the cosmic/terrestrial
date rate found on uncontaminated coral islands. Eniwetak was the island surveved
in the Rongerik Atoll due to presence of U, S. servicemen at the weather station
there at the time of the BRAVO fallout incident.

Tables 2, 3, 4, 5 and 6 present the raw data from Rongelap Atoll. The islands
surveved were Kabelle, Naen, Eniaetok and Rongelap. Naen is located at the
norchwest corner of the atoll, and Kabelle at the northeast cormer. Kabelle is
a siznificant copra resource; and both of these islands may be used for brief
visits, but neither of them is permanently inhabited. These islands received a
significant amount of fallout debris and counsequently, are still substantially
mere contaminated than the islands of Rongelap and Eniaetok, located in the south-
2ast and easterm parts of the atoll. The current values for excernal exposure rates

on these islands are listed below and in Table 14, The entire population presently

Island Average Zxposure Rate in -R/hr
Naen 23.1
Kabelle 21.7
Eniaetok ] 9.9
Rongelap 7.3



lives on Rongelap Island. The people obtain most of their food from Rongelap
with occasional supplemental trips to Eniaetok and to other southern islands

in the actoll. Litcle or no activities currently takes place on Naen or Kabelle,
or other islands in the north.

Figure 2 is a graphic presentation of the measurement points and exposure
rates along the main road of Rongelap Island. The exposure rate is fairly
uniform averaging 7.3 «R/hr over the island. This is about twice the background
radiation level of uncontaminated atolls in rhe Marshall Islands.

Tables 7, 8 and 9 present the data for the islands surveyed in the Utirik
Atoll. These islands, Aon, Eorukku and Utirik, represent the major islands within
the atoll. Aon, located in the southwest corner and Utirik located in the south-
east corner of the atoll, are the major areas for living and food ptoduction.A The
external exposure rate for all these islands is about 4 .R/hr, i.e., vervy near
the regional background level.

Tables 10, 11, 12 and 13 present the RSS-11ll survey results for Wormej and
Wotje Islands of Wotje Atoll and for Bigen and Ailuk Islands of Afluk Atoll. These
islands were surveyed to determine whether they were representative of baseline
external exposure rates for the Marshall Islands. The individual island averages
are found in Table 14, but range from 3.7 -R/hr ro 3.9 .R/hr. These exposure rates
are about the same as that for Xwajalein and other areas not exposed to gross con-
tamination from fallout; we assumed them to be representative of ambient background
radiation levels for the region.

Discussicn of Results

The average exposure rate as measured for each island is listed in Table l4.
In all areas, except for Rongelap Atoll and Rongerik Atoll where only Eniwetak
Island was visitad, there (s essentially an uniform exposure rate within the islands

of a given atoll. Tor hvpothetical inhabitants of Eaniwertak Island at Rongerik Accil,



and for the people living at Ctirik Atoll, external dose estimates were made, and
the resulcs are presented in Table 15. These dose estimates were made based upon
the following assumptions or observations:

1) The exposure rate was relatively uniform throughout the atoll.

2) The average exposure rate represents the average for all islands within

the atoll.

3) Wotje and Ailuk Atolls are representative of the natural background in the

Northern Marshall Islands.

It is difficult to estimate an external dose for the inhabitants of Rongelap
Atoll apart from typical residents who spend most of their time on Rongelap Island.
The reasen lies in the nonuniform distribution of radicactive material from island
to island within the atoll., While the southern islands of Rongelap were dertermined
to have uniform exposure rates oa a per island basis, there were significant dif-
ferences in the exposure rates between islands and substantial heterogeneity in
exposure rates on any given island in the northern sector.

In UCRL 51879 Rev. 1 (3,4), this problem was approached by estimating the
fraction of the time that an individual spends on various activities. This esti-
mate is reprinted here as Table 16. Using this as a basic assumvution, we have
constructed external exposure race estimates for the varicus living activities
based upon our measurements reported in Tables 1-13. The value for the lagoon
exposure rate was assumed to be the same as that for uncontaminated atolls in the
region (~3.7 wR/hr). The value for "other islands'" was obtained by assuming that
the Marshallese would spend an equal amount of time on each of the other islands
which we surveyed. All other estimates are made by taking the average of all

measurements made within the area of interest.

~4



Table 17 represents the exposure rate at each pattern of activity as listed
in Table 16 calculated assuming 1007 occupancy for Rongelap Atoll. Table 18
presents an estimate of the exposure rate for each age group, weighted by the
percent of time spent in 2ach area for inhabitants of Rongelap Atoll based on
the Lawrence Livermore lifestyle Model (3,4). Summation of the exposure rates in
each area provides the average exposure rates to the Rongelapese.

Using the average hourly exposure rates, the long term external dose was cal-
culated. These data, presented in Table 9 for Romgelap Atoll, have been cor-
rected for background (terrestrial and cosmic) radiaciom by using the average
exposure rate of Wotje and Ailuk Atolls as a representative sample of the normal
(unexpo;ed) Marshall Island environment.

We feel that this is a very ccnservative estimate for Rongelap Atoll since
the pecple rately visit the more heavily contaminated islands in the north, and
tend to vestrict their "other islands" visits to the southern sector where exposure
rates are similar to thac on Rongelap Island izself. This observation was supported
by an independent living pattern assessment from which data became available in
the fall of 1977 (5).

Specific living pactern information for Rongelap was obtained on a field trip
in October 1977 (5). This information is presented in Table 20. It should be
noted that as previously mentioned, the Rongelap "lifestyle' involves very little
time away from Rongelap Island where a constant exposure rate -of 7.3 LR/hr is
assumed. Revised external dose predictions based on the observed Rongelap living
pattern are given in Tables 21, 22 and 23. These doses include corrections for
phvsical decay for 13765 and 90¢s which are responsible for 2997 of the cotal
external exposure rate above background. The cesium and cobalt ratios were obtained
using the averages of soil sample activities from analyses bv BNL (6) and che

University of Washington (LRE) (7). It was assumed for this assessment cthac no

radicnuclide loss mechanisms are operative other than physical decav.

-8 -



ICRP #9 suggests that in 30 years, the general public should receive a dose
of less than 5.0 rem from total bodv sources other than medical or natural back-
ground (8). 1In all cases examined here, this requirement is met. The sroblem
arises that the external gamma radiation is only one source of exposure to the
Marshallese. The dietary pathway could contribute a substantial increment as an
incernal dose commitment.

Reviewing all atoll dose commitments in this light, we feel that inhabitants
of Rongelap Atoll may have difficulty meeting the ICRP #9 criterion of 5 rem in
30 years, but should be within the 0.5 rem/year standard for individuals. The
interal dose assessment for rhe people of Rongelap will be the subject of a sepa-
rate report. At this time, we do not recommend any remedial action until a complete
dose commitment can be determined by means of examining the external, dietarv and
whole body counting data available to date.

The other islands and atolls surveyed are well within the ICRP recommended
levels. As such, little more than minimal followup should be done on these atolls.
The main task of the environmental programs should be one of detecting significant
changes in the environment or lifestyle which might warrant a reassessment of these

dose predictions.
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Taole |

ENIWETAK ISLAND - RONGERIK ATOLL
RSS-111
EXPCSURE SURVEY
May 1977
Expospge Race
Location . «R/HR
Cross [sland transect, LC0 m from the ocean in a sandy 5.26+0.28
open area -
Cross Island transect, 120 m from the ocean in a wooded 6.67+0.22
grove -
Cross Island transect, 170 m from the ocean in a sandy 4.85+3.22
area -
Cross Island transect, near center of the island near the 8.33+0.36
lone standing pole
Cross Island transect, 50 @ from lagoon on top of organic 8.42+0.25
debris
Cross Island transect, 20 m from lagoon in clearing 4.8 =0.25
Cross Island transecz, 20 m from lagocon under shrubbery 5.11=0.42
Table 2
YAZELLE ISLAND ~ RONGELAP ATOLL

RSS-111
EXPOSURE SURVEY

Sepcember 1976

Exposure Rate

in

Location ~&/hr
Cross Island transect beginning at the water catchment

Innermost penetration along this transect 220 m from lagcon 13.0+0.3

30 m west of innermosc penetration 16.3+0.1

85 m west of innermost penetracion 18.1-0.3

90 m west of innermost penecrarion 12,9+0.4

115 m west of innermost penetration by water catchment 22.1+0.3

125 m west of innermost penetration inareaof sand and 34,0%0.3

scaveola scrub

20 m south of water catchmenc 29.7+0.5%

170 m west of innermost penecration 31.3+0.3
Second transect 275 m south of Cross Island transec:

First level messerschmidia canopy 18.2+0.2

Scaveola clearing 20.3=0.3

Scaveola clearing ~30 m to the lagoon beach 26.3+0.4

-12 -



Table 3

INIAETOK ISTAND - RCONGELAP ATOLL
ss-11l1
EXPOSURE SURVEY

Sepcember 1975

Ixposure Rate

in

Loecation -R/hr
Eastwest cross island transecrt - Middle Island

SO0 m due west of Ocean Beach 5.5+40.4

85 m due west of Ocean Beach - clearing south of path 11.4+0.3

85 @ due west of Ocean 3each - clearing norsh of path 12.470.2

135 m due west of Ocean 3each 11.7+0.5

175 a due west of Ocean Beach 11.550.3

215 o due west of Ocean 3each near cluster of three houses. 8.6+0.2

Area has patchy coral gzravel. ’

265 m west of Ocean 3each: 40 m from Lagoon Beach 5.8+0.4
Second transect: 250 m due north of Middle Island trapsect

70 m due east of lagoon 11.5+0.3

Adjacent clearing returning zoward Lagoon Beach 12.0+0.4
Third transect near south end of the island

80 m due east of the lagoon 12.0+0.3

30 m from Lagoon 3each near 2 house: some gravel present 6.7+0.5

Table 4

HAEN ISLAND - RONGELAP ATOLL
RSs-111
EXPOSURE SURVEY

September 1976

Exposure Rate

in

Location _R/hr
Tirst ctransect due west £0 northwest from near southeast corner

of the island

clearing 40 m in from the beach 22.5+0.4

150 @ inland due west to norchwest 55.340.6

recurning to beach due southeastc, 25 m to next clearing 42.1=0.5

southeast ~40 m to next clearing 40.670.5
Midisland second transect due norch from the lagoon cencer of 62,2+0.7

island

25 = south of center i{sland towards zhe lagoon

20 = south of center island :owards the lagoon

90 = south of center island towards the lagoon
120 m south of center island towards cthe lagoon
150 m south of center island towards the lagoon
sandy head land on southeast ccrner of the island

o O W ‘ tl"
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Table 3

RONGELAP ISLAND - RONGELAP ATOLL
RSS-11ll
EXPOSTRE SURVEIY

September 1976
Exposure Rate

in
Location wR/hr

Cross Island transect on path near church

70 m from Ocean 3each 6.3+0.5
140 m norch from Ocean 3each 7.0+0.3
200 = nortn from Ccean 3each 8.5+0.3
270 m north from Qcean 3each 3.5+0.2
350 = north from Ocean 3each 9.1+0.5
420 m north from Ocean Beach 7.710.4
500 m north from Ocean 3eath . 7.5+0.3
.370 m nerch from Ocean 3eachn 4.94+0.4
Village rcad transect starting at western end of the village
100 = west of first house in che village 8.2+0.3
front of first house: lagoon site of the road 7.840.4%
100 m due east of first house 7.380.4
200 m due east of Zirst house: past houses 3, 4 and 5 8.9+2.3
300 m due east of first-house: near houses 6, 7, 8 and 9 5.9+0.4
{area covered with crushed coral)
L00 = part church 7.1+0.3
200 m past church near co-op 5.7%0.3
in f{renc of Jerry Xnignht's house $.070.3
in front cf 2 houses near the dock 5.8+0.+
100 m east of the bock ’ 6.9=0.4%
170 m east of the dock 6.6+0.7
Observatcion tower at west end of the island in open Iield 5.1=0.3
0.5 km east near main rcad in clearing 9.6+0.3
1.0 km east near main road about 50 m Irom the lagoon 8.5=0.3
1.5 km east near main road inm the middle of the road 5.8+9.3
in coconut grove apout 1.2 km 2ast of observarion tower 8.1+0.2
1.9 m east near main road on lagoon side of the road 7.8+0.2
2.% «<m east near main road, lagoon side on grass covered coral 5.3%0.3
2.% km east near main road, lagoon side of grassy area 7.1=90.2
3.+ «m east near main road, grassy area cm the ocean side 8.8=0.%
3.3 xm east near main road, grassy area on the ocean side 8.3+0.4
4.3 km east near main road, grassy near trees lagoon side 7.1+0.3
4.8 km east near main road, Zrassy area omn ocean side 5.1+0.4
5.3 km east near main road, grassv area on lagoon side 7.47x0,2
5.8 km east near main road, a grassy area with Pandanus at adge 8.6=0.3
of village
4.3 km east near main road in the village Sy the school and 3.050.2
cemetery
along side church in =2il village 8.3+0.5
5.7 km east near main road, east of village in grassy area &.9+0.2
Seneath coconut trees, ocean side of the road
8.3 xm east near main road near Japanese cistern T.94).2
8.3 km northeast beneath Guettarda grove, ocean side 7.3%0.2
9,3 xm northeast approaching north end of island 9.3=0.+
3.8 «m aortheast on main road, ocean side ia a coconut grove 9.37.3
i 5.080.+

0.2 xm norzheast near end of island in grassy area and scaveola
trees



Taple o

RONGELAZ2 ISLAND - RONGELAZ ATCLL
RSS-11ll
EX20SURE SURVEY

October 1977

Zxposure Rata

in
Location ~R/nhr
Cross Island transect on path Sehind Tardud's (Jerry Knight's) house
shrub line, occesan side 3.9=0.3
39 = lagocnward (scaveola grove) 4,670.2
30 m lLagoonward f(edge of coconut grove) 4.9+0.3
118 m lagoonward 5.8+0.2
138 m lagoonward 5.870.4
197 m lagoonward 5.9+0.3
237 m lagoonward 6.179.2
276 m lagoonward 6.4+0.1
316 m lagoonward 7.0+0.1
355 m iagoonward 6.2+0.3
395 m lagoonward 7.3+40.4
434 o lagoonward 7.8+0.3
+74 m lagoonward 7.310.4
513 m lagoonward (near rear of Tarbud's house) 5.9+0.3
Main island rcad, front of Tarbud's house 5.5%0.3
Lagoon Beach near 3oas' house 2.2=0.2

Table 7

AON ISLAND - UTIRIK ATOLL
RSS-111
ESPOSURE SURVEY

September 1976

Exposure Rate

in
Location -R/hr
100 o from the Ccean 3each 4.1+0.3
200 = from the Ccean Beach 4.2+0.3
30 m from Lagoon Beach near middle of the island 4.1-0.3

Taoie 3

EORUKKU ISTAND - UTIRIXK ATOLL
RS§S-111
IXPOSURE SURVEY
Seotemper 1275

Exposure Rate

in
Lccatciona -.R/hr
Middle Island 4.340.3
Southwest s.010.%

.,-l
(V]
)




Table 9

UTIRIX ISLAND - UTIRIK ATOLL
Rss-111
EXPOSURE SURVEY

Sepcember 1976

Exposure Rate

in
Location ~R/hr
Eastwest transect across island near south end of village
60 m west of Ocean Beach 3.7:0.3
150 m west of Ocean Beach 4.3+0.3
10 @ east of village road 4.1+0.8
100 m wesc of oc2an near the middle of the village 4.1¥0.2
200 m west of ocean near che middle of the village 4.2+0.2
300 = west of ocean near large hollow and taro patch 4.5+0.9
lOC = from large hollow and taro patch ‘ 4.5+0.4
200 o from large hollow and taro patch near the middle of village 3.9+9.7
village road by the cemetery 4.0+0.2

Table 10

WORMEJ ISLAND - WuTJE ATOLL
RSS-111
EXPOSURE SURVEY

September 1976

Exposure Rate

in
Location -R/hr
Middle of the village 3.9+0.3
transect due norch ~.50 m north of the church 3.7+0.3
transect due north ~250 m north of village 3.670.3
transect due north ~350 m north of village 3.8+0.3
transect due north ~430 m norch of village 3.7+0.2
transect due north ~330 m north of village and ~30 = south of 3.9+0.2

of Ocean Beach

Table 11

WOTJE ISLAND - WOTJE ATOLL
RSS-111
EXPOSURE SURVEY

September 1976

Exposure Rate

in
Location -R/hr
northsouth air serip, 2/3 o€ che distance from che lagoon rto che 3.740.2
ocean '
100 = west of air secrip 3.7#0.2
200 m west of air serip 2.3=0.3
300 m west of air scrip 3.8+0.3



Table 12

BIGEN ISLAND - AILUK ATOLL
RSS-111
EXPOSURE SURVEY

April 1976
Exposure Rate

in
Locaticon wR/hr -

150 m from che Lagoon Beach, north end of the island 4.2+0.3
North end Lagoon Beach

Table 13

AILUK ISLAND - AILUK ATOLL
RSS-111
EXPOSURE SURVEY

September 1974

Exposure Rate

in

Location ~&/hr

30 m from Ocean Beach 3.0+0.5%

130 @ due west of Ocean Seach 3.770.3

350 m due west of Ocean Beach 3.9+0.5

+30 m due west of Ocean Beach, ~100 m from village 3.740.4

Ailuk village near intersection of village road and Cross 3.720.4
Island road

Table 14
Average Exposure Rates (May 1977)

Island Atoll a Average Etxposure ate -+l error
Kabelle Rongelap 11 21.7 -R/hr * 7.3 ~R/hr
Naen Rongelap 11 43.1 -R/hr =18.5 «R/hr
Eniaetok Rongelap i 9.9 _’/hr - 2.7 «R/hr
Rongelap Rongelap 57 7.3 «R/hr *+ 1.5 =R/hr
Aon Ueirik 3 4.0 R/hr + 0.3 _3&/hr
Zorukku Uririk 2 4.1 <R/hr = 0.1 wR/hr
Ueirik Ceirik 9 4.1 «R/Ar » 0.2 «R/hr
Bigen Ailuk 2 3.3 =R/hr = 0.2 «R/hr
Ailuk Ailuk 3 3.7 -R/hr = 0.1 =R/hr
Wormej Wot je 5 3.7 «R/hr = 0.1 ~R/hr
Wotie Woc je 4 3.7 »R/hr = 0.1 <R/hr
Zaiwetak Rongerik 7 6.3 R/’hr = 1.7 =R/hrx

rCorrected for energy dependence of XSS-111. (Tvpical spectral correction
factor was 1.05).
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“rable 15
External Exposure Rates aud Dosce Predictions
Persons Living on Surveyed Atolls »2

(Exclusive of Rongelap Atoll)

Ave. Gross Exposure RaLe Net Exposure Rated

10 yr. IntegralJ

30 yr. Inu:gralJ

50 yr. lategral 3

Aol April 1977 April 1977 Duse in Rem Dose in Rem Dose in Rem
ueicikd 4.07 ult/hr 0.32 uk/hr 0.024 0.056 0.077
Ailuk 3.80 wR/hr - - - -

Wot je ) 3.70 uk/hr - - - -
Rongevikd 6,30 wR/hr 2.55 uR/hr 0.199 0.484 0.663
TCRP 9 Population

bose Liwit - 1.700 5.000 8. 30
1. Doses were calculaced from average exposure rates for each atoll,

2. Multiple ycar dose calculations were made on the background substracted exposure rate,
assumed 1o be the average of exposure rates detected at Ailluk and Wotje Atolls,

3 bose represents increase over background,
4. Conscrvatively assumes 100 percent of time spent on bririk lslaand,
5. Basced on a superficial survey of Enlwetak Island only,

Background was



Population Breakdown bv Age and Gecgraonical Living Pacterns

.Ref. 5)
Infants and Children and
smail children adolescents Men Women
Age 3racker {(years) Q=i 5-19 20+ 20+
Fraction of population (%) 16 4l 22 21
Fraction of time spent in
respective areas (%):
Inside Home 50 30 30 30
within 10 @ of home 15 10 5 10
Elsewhere in village 5 10 5 10
Beach 5 5 S 5
Interior of island S 15 20 15
Lagoon 0 10 10 5
Other Islands 20 20 25 23
Table 17
Assumed Exposure Rate for
Each Living Pattern*
Pattern Rongelap Atoll
R/ hr
Inside home 7.3
Wichin 10 = of home 7.3
Elsewhere in village 7.3
3each 7.3
Interior Island 7.3
Lagoon=** 3.7
O-her Islands*** 24.9

“Values listed are mean axposure races.
“"Lagoon value is assumed to be the same as regional background at uncontaminaced
w3tolls,
Values used for other islands assumed equal distribution of time spent on
other i{slands within the actoil.
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Table 18

Rongelap Exposure Rates 3ased on Living Pattern Assumed for 3ikini 2, )

Descriotion Infan=s
Q=4 TS
2o JTS

Fraction 16%

of population

Dose rate due to
Time spent with-
in these areas
(sR/hr)

Inside Home

Within 10 m of
home

Elsewhere invile
lage

Beach

Interior Island

Lagoon

Other

islands

Total (-R/hr)
(incli bkzda)

10.84

Children Men Women
5-19 vrs 20+ vrs 20+ vrs
417 22% 21%

2.19 2.19 2.19
0.73 0.37 0.73
0.73 0.37 0.73
2.37 3.37 0.37
1.10 1.46 1.10
9.37 0.37 0.19
4.98 5.23 5.23
10.47 11.26 11.34
Table 19

Exposure Rates and Dose Predictions for Persons Living on
Rongelap Atoil Based on Assumed 3ikini Living Pat:tern

Net Weighted
Race in ~R/hr

External Integral Dose in

Rem (3kgd Subt)

Age Group Mav 1677 10 vre. 10 ve. 30 vr.
[nfants (0-4 vrs) T.09 0.56 1.33 1.84
Children (3-19%9 vrs) 6,72 0.52 1,27 1.75
Men (20 vrs+) 7.61 0.60 1.5 1.97
Women (20 vrs+) 7.79 0.62 1.49 2.03
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Table 20
Living Pattern Model for Rongelap
(Oct

te
Ocrcher 19775

Infancs & Children & .
Small Children Adolescents Hen women Cld People
Age 3racker (vrs) 0-4 3-19 20-39 20-359 A0+
Fraczion of time spent
in respective areas(%) ,
1a village (including 100 84 77 94 100
inside home)
Interior of island - 3 3 4 -
3each - 3 2 -
Lagoon - - 4 - -
Jther islands - - 6 - -
Table 21
Rongelap Exposure Rates Based on Observed Living Pattern (5)
Infants Children Men Women 0ld People
Jescription 0-4 yrs 519 yrs 20-59 vrs 20-39 vrs >60 vrs
Dose rate due to
time spent within
~hese areas (-R/hr)
in village (includ- 7.3 5.13 5.62 5.36 7.3
ing home)
3each - 0.58 - 0.15 -
lacerior Island - 0.38 3.95 Q.29 -
Lagoon - - 2,15 - -
Other islands - - 1.49 - -
Total .R/hr 7.3 7.3 3.21 7.3 7.3

(incl bkgd)



Average Zxposure Rates and Dose Predicrions for
Persons Living on Rongelap Aroll Based on
Rongelap Living Pactern (1377)

Weighted Net

Net Integral

External Dose in Rem

Age Group Exposure Rate in _R/hr 10 vr 30 yr 50 yr
Ianfants (0-9) 3.6 0.27 553 0.90
Children {(3-19) 3.6 " " "
Men (20-39) 4.5 0.34 .82 .12
Women (20-39) 3.5 0.27 .63 0.90
Old People (60+) 3.6 " " "
Additional Conmtribution 3.7 0.32 .97 1.62
From Background Radiacion

Table 23

Total Joses Including Background 3ased on
Rongelap Living Patcern (1977)

Weighted Total Exposure Rate

Total Integral Dose in Rem

Group -R/hr 30 vr 50 vr
Rongelap Men 8.3 0. .79 2.74

(ages 20-54)

all ochers 7.3 0. A2 2.54

(Rongelap)

Ceirik, all +.1 0. a3 1.70

residengs™

rAssumes (conservativelv) 1007

occupancy on-island.
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ABSTRACT

External exposure rate surveys from 1975 to 1977 on the islands Nam, Eneu
and Bikini of Bikini Atoll gave average external exposure rates of 24, 5.7 and
32 uR/hr respectively. The exposure rate on Eneu Island is uniform, whereas
those on Bikini and Nam range from 7.0 to 80. uR/hr. Based on an assumed living
pattern at Bikini Island, the adult male Bikinian is estimated to be in the pres-
ence of an external radiation field corresponding to 16 UR/hr due to debris and
fallout from the 1954 BRAVO incident. This corresponds to a 30 year dose equiva-
lent of 2.8 rem. ‘
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INTRODUCTION

In April 1975, Brookhaven National Laboratory initiated an external survey
of Bikini Atoll in order to obtain information concerning the ambient external
radiation levels resulting from the mid 1950's weapons testing program and to
make dose equivalent commitment determinations for the individuals living in the
surveyed area. From 1975 to 1977, measurements were made to provide sufficient
information on the external exposure received by the Marshallese people.

Most of the information concerning Bikini and Eneu Islands was obtained in
April 1975, when environmental ionization chamber measurements were made. In
addition, thermoluminescent dosimecers (TLDs) were placed in the field and ex-
posed for six months at Bikini Island to verify the uniformity of the exposure.
Other groups assisted in these surveys. The team from Lawrence Livermore Labora-
tory (UCRL) made a detailed survey of Bikini and Eneu Islands in June 1975%,9,
and they refer to the information presented in this report as BNL unpublished
data. In 'general, their results are substantiated by the exposure and dose
equivalent commitments calculated here.

The equipment used in 1975 consisted of a Reuter Stokes environmental
radiation monitor model RSS-1ll and a Baird-Atomic scintillation detector con-
sisting of a sodium iodide detector (2.5 cm in diameter by 3.9 cm in length)
connected to a ratemeter readout. Portable survey meters were used to help
locate gross changes in the external exposure rate. Lithium fluoride
thermoluminescent dosimeters were left on Bikini Island and retrieved in
December 1975. ‘

Environmental exposure levels were assessed via the RSS-111 and a Nal
gamma spectrometer whose purpose was to determine the photon energy distribution
and to compensate for the nonlinearity in the RSS-11l instrument response.

This report presents all of the external exposure data collected to date
for Bikini Atoll by BNL. These data have been used to make external exposure es-
timates for the people living on Bikini Island, and the BNL data have been com-
pared with UCRL data® for Bikini Atoll.

INSTRUMENTATION AND METHODS
A) TIon Chamber Measurements

All envirommental exposure rate measurements were obtained with a Reuter
Stokes envirommental radiation monitor model RSS-111, which is designed to
measure envirommental radiation as low as 100 uR/yr. The RSS-1l1 consists of a
spherical high pressure ion chamber filled with argon to a pressure of 25 atm.
Incident radiation produces ion pairs within the active volume of the
chamber which result in an ionization current. The current flow is measured by
an electrometer and is directly related to the free air ionization rate®.

The active volume of the stainless steel ionization chamber is known to
*1%. The ionization current produced in the chamber is a function of incident
radiation from an external field, cosmic-ray response, and contamination present



in the stainless steel. The instrument response is energy dependent, and data
from the manufacturer indicate an error of as much as 6 to 10% could result if
energy corrections are not made to the gross readingss.

The RSS-11ls used in this study were calibrated at the factory against ra-
dium sources whose calibration is traceable to the National Bureau of Standards.
The calibration of the instruments was also checked at the Environmental
Mon:toring Laboratory (formerly Health and Safety Laboratory) before and after
fie.d use.

In the report on external exposure for all other atolls surveyed by BNL3,
energy dependence corrections were calculated for data from Rongelap and
Ronzerik Atolls. The factors needed to compensate the RSS-11l response for
energy dependence ranged from 1.01 to 1.05. The mean correction was approxi-
mately 1.02.

B) Thermoluminescent Survey

Lithium fluoride (LiF) thermoluminescent dosimeter chips l/4-inch square
wer= used’, for several reasons. LiF is approximately a tissue equivalent mate—
rial, and its response is essentially energy independent for photon energies
greiter than 20 keV up to several MeV. The system is precise to #2% and has a
lon: term retention of 5% loss at room temperature for one year. These
qualities made the LiF ideal for use in the Marshall Islands.

All TLDs were cleaned with analytical grade methanol before departure for
the Marshall Islands and prior to analysis. Prior to irradiation, the TLDs were
anncaled at 400°C for one hour and them at 100°C for 2 hr. After field exposure
and before reading, the TLDs were annealed at 100°C for 10 min.

In addition to the TLDs exposed in the field at Bikini and Eneu, several
sets of TLDs were assembled for use in correcting field measurements for back-
ground, fading and air transportation contributions. Several TLDs were annealed
and then immediately stored in a lead pig in the BNL analytical counting area.
An cqual number of TLDs were irradiated to 100 mR and stored with the background
TLDs to determine fading losses. Four other TLDs were sent to Kwajalein and
stored there in a lead pig to determine in-transit contributions to the re~
sponse. All TLD results have been corrected for these parameters.

The TLDs were calibrated at BNL with 137¢s gamma and 905r/90Y betas. Re-
sults are directly related to the external exposure and beta absorbed dose that
would be received by individuals living on Bikini and Eneu Islands.

Because the total response must be differentiated into beta and gamma
components, a TLD holder was developed that would eliminate nearly 100X of the
90Y beta of 2.27 MeV (Figure 1). Four TLDs are used per holder. Two are
covered by 1100 mg/cm? of aluminum and Mylar which is of sufficient mass density
thickness to eliminate beta response; these provide the gamma response. The two
other TLDs are shielded by v 15 mg/cm2 Mylar to respond to the total gamma-beta
contribution at one meter above the earth's surface. The difference between the



responses of the two TLD sets gives the beta response. TLDs placed in the
field were positioned with the open windows facing the soil.

Because shielding part of the dosimeter may bias the data, an attempt was
made to predict the resulting error by randomly placing four of the dosimeters
(16 TLDs) together, open windows facing the soil, in a series of tests using
905,-90y 3¢ a source, placed 30 cm from the TLDs. The open and closed windows
were varied to cover all combinations of field positioning. The error using a
point source and a source-to-detector distance of 30 cm was <2.5%. Because the
field situation represents a distributed plane source, and the source-to-
dosimeter digtance was between 50 and 100 cm, the field situation should have a
minimal positioning error assoclated with the results (Figure 2).

RESULTS

A total of 203 RSS-1l1l measurements were made on Bikini Atoll. Each data
point is the average of at least 20 individual readings. This assures the preci-
sion of the value, and the initial calibration guarantees accuracy. The mean ex-
posure rate is reported with one standard deviation calculated by assuming that
the data obtained from a specific site follow a Gaussian distribution.

Tables | through S5 represent all data taken on Bikini Atoll. Table 2
lists the data from Nam Island, located at the northwest corner of the atoll,
closest to ground zero of the BRAVO device. The average external expcsure rate
over the land areas monitored is v 24 UR/hr. This is six times higher than the
Sackground levels at Wotje, Ailuk or Utirik Atolls3. This average value should
not be interpreted as a true value for the Nam island average, since dense
vegetation prevented a representative sample of readings over the whole island.
Nam is uninhabited at present and is not used for food production. The exposure
rate is non-uniform and varies significantly as a function of location.

Table 3 presents the data from Eneu Island, located south and west of
Bikini Island. Eneu received the least fallout contamination as evinced from
the average external radiation exposure rate of 5.7 uR/hr. This value is 1.5
times the natural background and is the lowest external exposure rate on any of
the islands surveyed. Figure 3 shows the sample sites and the exposure rate
measured at each site. These data demonstrate the uniformity of exposure rate
on this island.

The external exposure rate on Bikini Island is a strong function of loca-
tion (Figure 4A-E). It is the lowest in the areas closest to the lagoon and
current housing®, highest in the center of the island and intermediate in other
areas. The average exposure rate for the island, based on an average of all the
data is 32.1 uR/hr. Table 4 lists exposure rate measurements made in the living
areas of the available housing. Table 5 lists all other exposure rate
measurements made at Bikini Island.

*In 1978, the Department of Interior made the decision to relocate the inhabit-
ants of Bikini Atoll to either Ejit Island, Majuro Atoll, or Kili Island. The
relocation took place in August 1978.



The TLD data for Bikini Island (Table 1) agree with the RSS-111
measurements, but no constant relationship is seen between beta dose and gamma
exposure. Non-uniform deposition of fallout material in the areas surveyed and
transiocation of material are major factors governing this result.

DISCUSSION OF RESULTS

The average exposure rate as measured for each island is listed in Table
6. Estimation of the dose equivalent for the inhabitants of Bikini Atoll is
debatable due to the nonuniform distribution of radiocactive material within
given areas of the atoll. The exposure rates measured on Eneu Island are fairly
uniform, but those on Bikini Island showed significant differences between areas
(Table 5 along with Figure 4A - 4E). In the UCRL work#, this problem was
approached and a solution derived by estimating the fractions of an iandividual's
time -pent in various areas. These estimates® are used here (Table 7) to
construct external exposure rate estimates for the various activities based on
the measurements reported in Tables 2 through 5. The exposure rate for the
lagoon was obtained by assuming that it would be less than or equal to that in
the areas of continual habitation. The values for other islands were obtained
by assuming that the Marshallese would spend an equal amount of time on each of
the other islands surveyed. All other estimates were made by taking the average
of all measurements made within the area of interest.

Table 8 shows the estimated exposure rate for each pattern of activity in
Table 7 based on continuous occupancy of Bikini Atoll. Table 9 shows the esti-
mated exposure rate for each age group as weighted by the percent of time spent
in each area, for inhabitants of Bikini Atoll. Summation of the exposure rates
in all the areas provides the average total-body exposure rate for each age
group.

Using the average hourly exposure rate, the long term external dose equiva-
lent was calculated (Table 10). The data were corrected for background
(terrestrial and cosmic radiation) by using the average exposure rate on Wotje
and Ailuk as representative samples of the normal Marshall Island enviromnment”.
These data for Bikini residents are lower than UCRL datad for living patterns 2
and 3, which give the estimated integral external gamma dose equivalent for 30
years as 4 rem, because the present estimates include the measured exposure rate
for habitation of the newly constructed housing. These indoor values are 392
lower than those previously reported and their use reduces the total estimated
reduction in the 30 year dose equivalent commitment by 32%.

The ICRP suggest36 that population groups should not receive a 30-year
dose equivalent of more than 5.0 rem to the whole body from sources other than
medical equipment or natural background. For the external radiation component
at Bikini Atoll, this requirement is met; the problem is that external radiatiom
is not the sole source of radiation exposure to the Marshallese. The dietary
pathway, based on UCRL data?, could increase the 30-year total body dose equiva-
lent commitment by a factor of 4.

Whole-body counting data taken in 19741, 19772 and 19787 indicate that the
dietary pathway became the prime source of radiation exposure after January



1977. Current in vivo data indicate that the equilibrium body burdens for 137Cs
will range from 3 WCi to 30 WCi in the Bikini population. This corresponds to

a 30-year internal dose equivalent that falls in the range of !l to 110 rem.
3ioassay data obtained from Bikinians during 1978 indicate that bone marrow dose

equivalents for 30 years of habitation would be between 0.4 and 1.0 rem from
903r-90Y10.

Reviewing the Bikini dose commitment in this light, one immediately
realizes that the inhabitants would receive a total body dose equivalent
exceeding the ICRP criteria®. Thus, for Bikini Atoll, we concur with the UCRL
recommendation? that more must be done to lower the total body and bone marrow
radiation exposures so that the Marshallese can live within the population dose
2quivalent recommendations.
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Table 1|

Bikini Island TLD Exposure Survey (129 days), Dec. 7, 1974, to Apr. 15, 1975

Total
Y Exposure B Dose,
Location UR prad
House 4 - inside 28400%* -
'fouse 4 - outside 20 in. above ground 36200* -
House 20 - inside 29900* -
House 20 - outside mid backyard 27800%* -
House 38 - inside 48600%* -
House 38 - outside mid backyard 41000%* -
Big twin coconut trees, west side of tree near USGS well 194300%* -
B2hind house 40, cookhouse at 18 in. off ground 26800 1500
Behind house 35, behind living area at 22 in. off ground 45300 25800
8:hind house 30, behind living area at 20 in. off ground 32800 10300
Zast/west road by house 30 about 30 yd. north of bunker 35600 11000
“»hind house 25 near banana and papaya patch, 22 in. off ground 54000 29800
3ehind house 2!, 20 in. off ground 26300 14700
Behind house 15 29900 4700
2ehind house 10 73000 62800
Behind house 6 36200 8400
By USGS well and twin cocomnut trees 79100 85100
Control 1 2900 2400
Control 2 5100 0
Control 3 6300 0

*Total unshielded response.

Table 2

Nam Island, Bikini Atoll, RSS-111 Exposure Survey, April 1976

Location uR/hr
West Transect - 200 meters from soil pit 33.4 £ 0.6
West Transect - 100 meters from soil pit 16.7 £ 0.4
East Transect - 200 meters from soil pit 17.6 £ 0.5
East Transect - 100 meters from soil pit 15.2 £ 0.4
East Transect - 245 meters north of lagoon beach 44.9 £ 0.7
East Transect - 150 meters north of lagoon beach 23.1 0.5




Table 3

ENEU ISLAND RSS-1ll EXPOSURE SURVEY APRIL 1975

Location UR/hr
South road to ocean near middle of island 7.2 £ 0.62
2nd coconut row, ocean side of runway adjacent to marker 4 5.6 £ 0.25
2nd coconut row, ocean side of runway adjacent to marker ! 4.2 £ 0.17
2nd coconut row, ocean side of runway adjacent to marker 2 4.9 £ 0.37
2nd coconut row, ocean side of runway adjacent to marker 3 8.2 £ 0.10
lst coconut row, ocean side of runway adjacent to marker 1 5.3 £ 0.16
Midway north of runway apron and coconut row 6.1 £ 0.32
5th coconut row up the road from north corner of runway apron 8.7 + 0.23
16th coconut row by 2nd large nature tour 6.1 £ 0.14
Group of old buildings, south of church, ocean side of road 6.9 + 0.12
West bend in road just north of old church, ocean side 8.1 £ 0.31
North 1/3 way up road to Camp Blandy, ocean side 4.9 ¢+ 0.30
North 2/3 way up road to Camp Blandy, ocean side 6.5 ¢ 0.20
Blandy area just. south of soil pit 3, 100 yd from lagoon beach 6.1 + 0.15
Blandy area just south of soil pit 3, 100 yd from ocean beach 5.6 *# 0.31
North end of Camp Blandy near middle of the island 5.9 £ 0.29
North end of Camp Blandy near lagoon road, ocean side 6.0 £ 0,21
Lagoon road south of Camp Blandy, 100 yd west of church 5.7 £ 0.15
Lagoon road about 150 yd north of Camp Blandy 5.0 £ 0.35
Bunker near dock 5.0 ¢+ 0.22
0l1d bldg. frame work due west of runway marker ! 6.1 £ 0.27




Table 4

Measured Exposure Rates Within Permanent Housing Constructed on Bikini Island

Exposure rate Exposure rate
Location UR/hr Location WR/hr
House 21 6.6 + 0.13 House 4 7.5 £ 0.15
House 22 7.3 £ 0.37 House 6 7.8 £ 0.28
House 23 7.2 £ 0.10 House 7 10.5 * 0.28
House 25 7.3 £ 0.28 Outside house 7 :
House 26 7.3 £ 0.25 north side on gravel 12.9 £ 0.20
School House 9 10.7 £ 0.16
middle of the room 7.2 £ 0.10 House 10 11.1 £ 0.25
House 30 8.4 ¢ Q.14 Housge 11 9.3 £ 0.23
House 31 8.9 £ 0.10 House 12 9.7 *+ 0.49
House 32 10.0 £ 0.37 House 13 13.3 £ 0.19
House 33 9.6 * 0.45 House 15 11.6 + 0.23
House 35 15.8 £ 0.19 House 16 11.5 * 0.60
House 36 13.1 £ 0.17 House 18 8.2 £ 0.17
House 37 11.9 £ 0.30 House 19 7.8 ¥ 0.26
House 40 11.1 £ 0.15 House 20 7.2 £ 0.13
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Table 5

Bikini Island RSS-1l1 Exposure Survey, April 1975

Location uR/hr

Column 1, due east of house 30 57.3 #*
Column 10, due west of bunker 31.8 ¢
Column 20 50.0 =
Column 30 46.6 *
Column 40 26.4 ¢
Column 50, due west of twin coconut trees 36.6 *
Column 58-59, intersection with lst baseline south 44,5 ¢

North/south transect between lst baseline south and

2nd baseline south

Column | 59.5
Column 10 78.4 *
Column 20 64.7 ¢
Column 30 49.2 *
Column 40 45.0 *
Column 50 53.8 *
Column 60 48.0 ¢
Column 70 48.9 *

North/south transect from 2nd to lst baseline north
Column 2, 10 yd due south of snil pit A 47.7 ¢
Column 10 54.2 ¢
Column 20 41.2 %
Column 30 39.1 =
Column 40 55.1 %
Column 50 41.3 ¢
Column 60 53.4 *
Column 70 82.1 ¢*
Column 77, 2 rows due east of soil pit E 31.6 ¢

South/north transect north from lst baseline north

(continuation of USGS-bunker rd.)

Column 1 52.7 *
Column 10 43,2 ¢
Columm 20 44,0 *
Column 30 58.2 ¢
Column 40 46.6 *
Column 50 34.3 ¢
Column 60, due west of small bunker on ocean rd. 31.6 ¢
Column 70 31.2 ¢
Column 77, and intersection of 2nd baseline north 26.6 ¢
40 yards north of lst baseline north 22.3 ¢
Across lagoon road from house 37 20.0 ¢
Across lagoon road from house 38 24.0 *
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Table 5 (Cont'd)

Bikini Island RSS-1l1 Exposure Survey, April 1975

- 12 -

Location UR/hr
Across lagoon road from house 39 22.9 £ 0.6
10 columns north of house 40 28.5 £ 0.6
South on ocean beach road from 2ad baseline north
Column 1 23.6 £ 1.0
Column 10 38.3 ¢+ 1.3
Column 20, 3 columns south of small bunker 25.9 * 0.4
Column 30, 3 rows east of ocean beach road 22.4 £ 1.1
Column 40, 6 rows east of ocean beach road 49.4 £ 0.8
Column 50, | row in from ocean beach road 33.4 £ 0.4
Column 60, 3 rows in from ocean beach road 33.4 £ 0.3
Column 70, 1 row in from ocean beach road 37.0 £ 0.7
Column 78, at intersection of ocean beach road and
lst baseline north ' 33.2 + 0.5
North/south transect along road separating (1972 designation
of rows) rows 24 & 25 from center baseline to lst baseline north
Column 1! 22.6 * 0.3
Column 10 62.0 * 0.2
Column 20 25.7 £ 0.4
Column 30 52.9 = 1.1
Column 40 ‘ 42.6 * 0.3
Column 49 and the intersection of lst baseline north 48.0 * 0.3
North/south transect along breadfruit row starting at 2nd baseline north
Column 4 of older plantings behind house 40 49.2 * 0.9
Breadfruit planting east of house 39 59.0 + 0.4
Breadfruit planting east of house 38 40.9 + 0.5
Breadfruit planting near small bunker between houses 37 & 38 29.9 + 0.5
Breadfruit east of house 37 28.0 £ 0.8
2 columns of coconut trees north of lst baseline north 23.0 £ 0.3
lst breadfruit south of lst baseline north by soil pit D 42.0 * 0.7
Sth breadfruit east of house 36 33.1 * 0.6
9th breadfruit near banana garden, house 35 34.1 £ 0.6
12th breadfruit east of Japanese memorial and house 34 38.8 £ 0.3
15th breadfruit north of center baseline and east of house 3l 22.4 * 0.2
North/south transect along breadfruit row from center baseline
Due east and house 30 18.4 % 0.2
Breadfruit near house 26 and 30 yards east of papaya patch 26.2 £ 0.3
Breadfruit 8 near house 4 and main garden 48.4 £ 0.5
Due east of houses 20 and 21! 19.2 £ 0.3
Due east of house 17 25.6 * 0.5
Due east of house 16
just north of center baseline and soil pit 30.3 £ 0.2



Table 5 (Cont'd)

Bikini Island RSS-111 Exposure Survey, April 1975

Location WR/hr
Due east of house !4 32.4 £ 0.2
Due east between houses 12 & 13 40.3 + 0.6
Due east and between house 10 and breadfruit row 24.7 £ 0.3
Due east of house 8 next to breadfruit row 46 .4 ¢+ 0.4
Due east of houses 7 & 8 near vegetation depression 16.3 + 0.2
Due east of houses 5 & 6 34.5 £ 0.5
Due east of houses 3 & & 7.7 £ 0.4
North/south transect between 2nd baseline aorth (pit B) and
st baseline north (pit D) ]
Column 2, 15 yd due south of soil pit B 44.5 £ 0.4
Column 10 52.3 = 0.3
Column 20 due east of house 39 56.9 * 0.4
Column 30 66.8 + 0.2
Column 40 41.5 + 0.4
Column 50 33.2 £ 0.4
Column 60 due east of house 36 42.5 + 0.3
Column 70 32.8 £ 0.4
Column 77 45.1 * 0.4
North/south transect between lst baseline north and center
baseline, sample locations proceed due south
Column 1 28.5 + 0.2
Column 10 41.0 £ 0.3
Column 20 41.8 £ 0.4
Column 30 56.6 * 0.2
Column 40 61.5 + 0.2
Column 48 (last column before crossing center baseline) 15.2 + 0.2
Row 20 50.9 + 2.1
Row 30 60.1 * 1.4
Row 40 46.7 + 2.2
Row 50 55.1 ¢ 2.4
Ocean road just behind row 59 3.4 £ 2.0
South on ocean beach road from 2nd baseline south,
measurements taken on lagoon side of road
Column 10 36.9 + 0.6
Columm 20 38.0 £ 0.4
Column 30 29.2 £ 0.5
Column 40 19.6 + 0.6
Column 50, about 100 yd from ocean 27.7 £ 0.6
Column 60, about 150 yd from ocean 27.8 + 0.7
Column 67 16.2 + 0.4
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Bikini Island RSS5-111 Exposure Survey, April 1975

Table 5 (Cont'd)

Location WR/hr
Czap area
Bldg. 1 12.2 + 0.2
Bldg. 3 13.8 £ 1.0
Near church on northward bead.of road halfway between 17.3 £ 0.3
equipment shed and house | (ocean side of road) 26.3 + 0.5
Lagoon road north, measurements taken on ocean side of road
Open area between houses 3 and 4 16,0 * 0.1
Open area between houses 5 and 6 1B.5 ¢ 0.4
Open area between houses 7 and 8 28.4 + 0.6
Open area between houses 9 and 10 23.9 + 0.3
Open area between houses 12 and 13 24.9 + 0.3
Open area between houses 14 and 15 37.8 £ 1.8
Open area between houses 1% and 17 28.1 ¢ 1.6
Open area between houses 34 and 35 13.9 £ 0.9
Open area between houses 35 and 36 14.0 £ 0.3
75 yd north of house 36 23.0 £ 2.0
3rd baseline north starting at the lagoon road
Row 1 b 30.9 ¢ 0.1
Row 5 40.4 + 0.3
Row 10 44.7 £ 0.4
Lagoon road
100 yd south of north beach o 19.6 £ 0.3
Near house 40 - ocean side road 13.5 £ 0.5
Near house 38 - lagoon side of road 17.0 + 0.3
50 yd south of house 37 20.4 ¢+ 0.4
Near house 35 - lagoon side 31.6 0.4
Village center - near intersection of lagoon road and
center baseline 9.4 0.4
Soil pit G 22.5 ¢ 0.4
Near house 25 - lagoon side 18.5 & 0.1
Near house 20 - lagoon side 18.2 £ 0.2
Near house 15 - lagoon side 24,7 £ 0.2
Near intersection of lst baseline and lagoon road
Near house 10 - lagoon side 17.5 £ 0.2
Near house 5 - lagoon side . 26.0 £ 0.3
Near house 1 - lagoon side 11.8 £ 0.1
Second baseline south starting behind house 7
Behind house 7, breadfruit row <10 yd to row 1 27.0 £ 0.9
Row 10 ' 54.9 1.7
Row 20 50.5 * 1.4
Row 30 54.0 £ 1.8
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Table 5 (Cont'd)

Bikini Island RSS-111 Exposure Survey, April 1975

Location UR/hr
Row 40 47.3 £ 0.2
Soil pit between rows 42 & 43 40.8 £ 1.4
Row 50, 100 yds from ocean beach 50.8 £ 5.1
Row 60, 30 vds from ocean beach 25.0 £ 0.3
Pandanus 118 benind house 15 27.4 * 1.4
Behind agriculture area
Row | 44 .5 £ 1.9
Row 10 51.5 £ 1.9
North face of bunker 21.5 * 0.5
North-south road midway between bunker and USGS well 66.5 & 0.2
North-south road, column 5 from lst baseline south 56.8 £ 1.1
North-south road, column 1S from lst baseline south 43.4 * 0.3
North-south road, column 25 from lst baseline south 32.7 £ 0.6
North-south road, column 35 from lst baseline south S8.0 + 1.1
North-south road, column 45 from lst baseline south 27.2 + 0.3
Lagoon road, end of center baseline behind house 30 18.7 ¢+ 0.3
Row 10, south side of baseline 25.0 £ 0.2
Row 20, 30 yd from fork to bunker 20.4 + 0.8
Row 30, SO0 yd north of bunker 20.1 £ 0.4
Row 40 12.3 * 0.2
Row 50 30.8 + 0.6
Row 60 29.5 * 0.3
Row 69-70 18.4 £ 0.4
East-west transect
Lagoon road and lst baseline north 44.4 * 0.2
Soil Pit D 40.3 +£ 0.3
Row 10, east from lagoon road 36.3 £ 0.5
Row 20 8.3 £ 0.4
Row 30 35.7 * 0.2
Row 40 42.3 t 0.4
Row 50 58.1 * 0.6
Row 60 41.8 £ 0.1
North side of 2nd baseline north (near house 40)
Row 1 17.5 £ 0.2
Row 10 30.6 £ 0.3
Row 20, near soil pit B 3.9 + 0.3
Row 30 3.9 £ 0.3
Row 36-37, near soil pit A 23.3 £ 0.3
Row 40 29.6 * 0.2
Row 50 30.6 * 0.2




Table 6

Average Exposure Rate Corrected for Decay to May 1977

Av. exposure rate

Island No. of Observations UR/hr
Nam 6 23.5 £ 11.0
Eneu 21 5.7 =+ 1.1
Bikini 203 32.1 = 16.3

Table 7

Population Breakdown by Age and Geographical Living Patterns’

Infants and Children and
small children adolescents Men Women
Age, yr 0-4 5-19 20+ 20+
Percent of population 16 41 22 21
Percent of time spent in
following areas:
Inside home 50 30 30 30
Wicthin 10 m of home 15 10 5 10
Elsewhere in village 5 10 S 10
Beach 5 5 5 5
Interior of island 5 15 20 15
Lagoon 0 10 10 5
Other islands 20 20 - 23 25

-t s i
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Table 8

Assumed Mean Zxposure Rate for Each Activity Area

Pattern

Inside home

“ithin {0 m of home
Elsewnere in village
Beach

Interior 1sland
Lagoon

Other islands

Bikini Atoll
uR/hr

9.7
15.8
25.3
15.8
44.9
15.8%*
15, 5%*

*Value assumed to be less than or equal to value

for beach.

**Based on assumption that equal amounts of time
are spent on other islands within the Atoll.

Exposure Rate Estimates for Bikini Atoll Inhabitants

Table 9

Infants Children Men - Women
0-4 yr 5-19 yr 20+ yr 20+ yr
Percent of population 16% 41% 22% 21%
Exposure rate (uR/hr)
during time within
following areas:
Inside home 4.85 2.91 2.91 2.91
Within 10 @ of home 2.37 1.58 0.79 1.58
Elsewhere in village . 1.27 2.53 1.27 2.53
Beach 0.79 0.79 0.79 0.79
Interior island 2.25 6.74 8.98 6.74
Lagoon 0.00 1.58 1.58 0.79
Other islands 3.10 3. 10 3.88 3.88
Total 14.63 19.23 20.20 19.22
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Table 10

External Dose Equivalent to Inhabitants of Bikini Atoll

Net ext.

exposure rate,

Ext. integrated dose equiv., rem
(background subtracted)

Age Group UR/hr, May '77 10 yr 30 yr 50 yr
Infants (0-4) 10.27 0.80 1.90 2.59
Children (5-19) 14.60 1.12 2.69 3.66
Men (20+) 15.52 1.20 2.85 3.88
Women (20+) 14 .60 1.12 2.69 3.66
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A RECONSTRUCTION OF CHRONIC DOSE EQUIVALENTS FOR RONGELAP

AND UTIRIK RESIDENTS - 1954 TO 1980

E. T. Lessard, N, A. Greenhouse, R. P. Miltenberger

| ABSTRACT

From June 1946 to August 1958, the U.S. Department of Defense and Atomic
Energy Commission conducted nuclear weapons tests in the Northern Marshall
Islands. BRAVO, an aboveground test in the Castle series, resulted in
radiocactive fallout contaminating Rongelap and Utirik Atolls. On March 3,
1954, the inhabitants of these atolls were relocated until radiation exposure
rates declined to acceptable levels. Environmental and personnel radiological
monitoring programs were begun in the mid 1950's by Brookhaven Natiomal Labora-
tory to ensure that dose equivalents received or committed remained within U.S.
Federal Radiation Council Guidelines for members of the general public. Body
burden and dose equivalent histories along with activity ingestion patterns post
return are presented. Dosimetric methods, results, and internal dose equivalent

distributions for subgroups of the population are also described.
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INTRODUCTION

On March 1, 1954, at Bikini Atoll, BRAVO, the first of six nuclear weapons
tests 'in the Castle series, was detonated. The BRAVO device caused substantial
surface contamination on inhabited atolls within a 2,000 square mile area. The
contaminated region was cigar shaped and included Ailinginae, Ronge lap,
Rongerik, and Utirik Atolls which lay east of ground zero at distances from 60
to 300 miles. The fallout on Rongelap, initially visible at H+6 hours, had
thinned out to the extent that it was no longer seen at H+10 hours (G162).

On March 3, 1954, the 64 residents of Rongelap Atoll and 18 residents of
Sifo Island, Ailinginae Atoll, were evacuated. On March 3 and 4, evacuation of
157 Utirik Atoll residents also took place. During the first few weeks and ai
least once every year from 1957 to the present, a Brookhaven National Laboratory
medical team, organized by the Department of Defense and by the Atomic Energy
Commission and its successor organizations, has provided medical examinations to
monitor the health of the persons initially affected by the fallout from the nu-
clear testing program, plus a comparison population. Reports of their findings
are given in Cr36, Co58, Co59, Co60, Co62, Co63, Cob65, Co67, Co70, Co75, and
Co80.

The Utirikese and Rongelapese returned to their home atolls in June 1954
and in June 1957 respectively. The earlier repatriation of Utirik Atoll was
based on the low level of external radiation exposure measured after the initial
3 month observation period (March to June 1954). The Utirik population was not
examined by a Brookhaven medical team until March, 1957, when 144 people re-
ceived comprehensive physical examinations. Following the 1957, medical survey,
two men, removed from Utirik for medical reasons, were whole body counted at

Argonne National Laboratory and provided urine samples for radiochemical anal-



ysis of 137¢s, Four persons visited Argonne from Rongelap and, in addition,

pooled urine samples from both atolls were analyzed radiochemically for 137Cs

90 . L
and Sr. Subsequent Brookhaven National Laboratory expeditions by members of

the Medical Department and Safety and Environmental Protection Division utilized
whole body counting and radiochemical analysis of urine and blood samples to
identify and quantify the radionuclides that were present in the body. The re-
sults Qf these radiological measurements are given in terms of body burden in
Tables 1 and 2. Throughout this paper the units of quantities are SI derived
and those which are accepted for use with the S1 for the time being. Thus both
thevCurie and the Becquerel may be used as units for the quantity activity.

The aforementioned body burden tables illustrate adult mean values for
Rongelap and Utirik. An adult, as classified here, was a person over 16 years
of age. The mean body mass in this age interval was 60 kilograms. The.observed
body mass versus age distribution is shown in Figure ! for Rongelap residents.
The same body mass versus age distribution was observed at Utirik.

Because of the paucity of measurements at Utirik, information on 60Co,
6SZn, and 5-SFe was in some instances derived from the ratio of adult mean body
burdens between Rongelap and Utirik. A mean ratio of 2.6 was observed in body

65 903:, and l37Cs after they reached their maximum values, The

burdens for Zn,
standard deviation of this ratio was 15%.

In the following analysis, personal body burden histories and residence in-
tervals, in conjunction with contemporary dosimetric models, are used to esti-
mate internal dose. Dosimetric distributions were constructed from the results
and a summary of the derived activity ingestion rates and dose equivalents was

provided for various subgroups of the population. Additionally, exposure rate

history curves were constructed for each atoll for the period following the



Table 1

Rongelap Bodv Burdens

Adult Males Adult Females Adults
Body Numoer 3ody Number 8ody Number Days Post
Bucden of Burden of Burden of Return
~Ci Persons 4Cy Persons LCi Persons Days
EERN 2.9x10"% NA 1.7x10"3 NA 2.3x10"5 NA 1
1.0xi0"2 37 7.8x1073 37 9.0xi0"3 74 1370
2.5%10"3 45 2.0xi0™3 45 2.2x1073 90 2811
832a 4.3x10°2 A 1.8x102 A 4.1x10-2 A 1
4. 3x1074 10 3.9xi0°1 i2 4. 1x10-1 42 304
5.2x107! 32 5.0x10~1 27 5.6x10"1 59 639
9.5x1072 38 8.5x1072 23 9.0x1072 61 1370
ke “.3xlo~} 28 4.0x10"t 12 4.1xl0"} 60 4626
0, 1.9x10™ NA l.x10™% NA 1.7x10"% NA 1
3.7x1073 il 2.8x10"3 “ 1.4xi0-3 15 304
5.7x1073 24 3.5x1073 16 4.8x10"3 40 539
3.7x1073 3 1.6x10"3 4 3.0xi0-3 13 1370
8.8x10"3 H 7.9x10-3 13 8.4x10°3 25 2100
7.9x1073 11 7.4x10"3 7 7.7x1073 18 2406
2.8x10"3 12 4.6x10"3 12 3.7x10"3 2 3561
3.9x1073 1 3.ix10"3 11 3.5x10"3 22 1927
oL 1x10™3 11 3.3x10"3 13 J.6xi0"3 2 4292
1.3x10"3 8 3.3x10-3 i1 2.5x1073 19 4657
3.1x10-3 8 2.8x1073 7 3.0x10°3 15 5022
2.0x10-3 5 l.4x10-3 7 1.6x1073 12 5388
6.6x1073 4 4.2x1073 7 4.3x10°3 13 5753
1.3x1073 ! 1.7x1073 4 2.8x10"3 14 6118
4.4x1073 23 NA 0 NA NA 7579
6.3x107% % 4.6x107% 19 S.5x10~% 43 8097
1374 1.4x10-2 NA 8.4x10"3 N 1.1x10-2 N 1
8.7x 101 NA 5.2x10"! NA 6.8x10"1 A 304
7.9x10-1 N 4.1x10-1 9 5.7xl0"1 96 639
3.5x107} 37 4.7x1071 37 6.7x10"1 7% 1370
9.4x10~! 97 4.9x10™! 45 6.8x10~1 89 2831
4.8x1071 22 3.0x10-1 2% 3.9x10-! 46 6118
3.oxio~i 30 1.9x10-1 21 2.5x107! 51 7213
1.8x10"1 19 1.5x10"1 18 1.7x1071 37 8097
NA = Not available




Table 2

Utirik Body Burdens

Adult Males Adult Females Adults
Body Nuaber Body Number Body Nuaber Days Poat
Burden of Burden of Burden of Return
_Bt1L Persons pCl Persons uC Persons Days
50,
) 4.0x10°3 3.ix10-3 3.5x107) 2464
bl 9.7x10™% 7.6x107% 8.7x107% 1926
>a 31.5%1071% 2 - -
2.7xt0"} 14 Lexto~l 15 2.1x10°4 9 1734
) 3.7x10"2 3.3x1072 3.5x1072 2464
S
o 1.7x10™} 1.6x1071 1.6x107! 6114
QoSr
t.ex10-3 5 2.4x1073 2 1.7x1073 7 1734
1.2x10-3 5 1.3x10°3 6 1.3x10°3 11 7213
NA 12 A 12 NA 2 8669
1.5x10"% 14 1.5%x107% 17 1.5x10~% 31 9225
137,
4.1xto} A 2.7x1071 NA 3.3x107!} NA 1004
2.9x107¢ 15 2.0x10°! 15 2.5x107} 30 1736
2.6x107! 9 1.3x107! 13 1.8xi0"! 22 7213
t.2xlo-L 7 7.8x1072 21 1.0xi0°! 48 8309
6.2x10"2 19 4. 3x10°2 17 5.3x10"2 36 9225

D = Ratic derived body burden
NA = Not available
* = Measured st Argonne National Laboratory
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BRAVO test. These data, together with appropriate conversion factors and living

pattern models, provided an estimate of external dose equivalent,

METHODS
Exponentially declining activity concentrations have been observed in sur-

137Cs, 129I, and 9OSr from 1954 to the present on Rongelap

face soil for
and Utirik Atolls. Declining activity concentrations have also been observed

in vegetation at a rate greater than that predicted by radiocactive decay.

Thus exponential decline in dietary activity was assumed and the following

general equations were derived.

AP = v Us/fu - q° (Zj_ KiX{ e_(Aﬂ(i)t)
) : ’ (1)
£ g Xi%i (e (+Rgle _ (A+Kl):J)
1 i K.-KE
1
or
L. ' -(A+K)t
AP° = q-g | iXie 1 ) ) (2)
£ Xi (e-(x+KE)t - e-(A+Ki)t)
Vg =% J
1 E
and
. X{ Ki-Kg ~O#k;) e AHKEIE + () o (KitAIE
Xi (ke (3)
+q° L. (l-e Js
1 A-l-[(i
where



t = time post onset of uptake, days,

A = instantaneous fraction of atoms decaying per unit time, clay"l

P° = initial atom ingestion rate, atoms day~!,

Ki = instantaneous fraction of atoms removed from compartment i by
physiological mechanisms, day~!,

Xi I compartment i deposition fraction,

X; = the number of atoms in compartment i relative to the number in ail

compartments at the onset of declining continuous uptake, (t=0),

U = instantaneous urine activity concentration, Bq 1'1,

Us = subject urine excretion rate, £ day'l,

fl = fraction from GI tract to blood,

fu Z fraction excreted by the urine pathway,

Kg = instantaneous fraction of atoms removed or added to the atom uptake
per unit time, day‘l, due to factors other than radiocactive decay,

q I instantaneous body burden, Bq,

q° = body burden at the onset of uptake, Bq,

D = the number of disintegrations in all compartments occurring during

the uptake interval, Bq days.

The development of Eqs. (1), (2), and (3) was based on the following convo-
lution integral. At some variable time, T, defined during a fixed uptake
interval, T, the daily activity ingestion rate crossing the gastrointestinal

tract to blood is given by

-(kp+A)T
° E
kflP e .



The whole body retention at any time t-T of the fraction of initial radioactivity

inputed at time T is

Z -X .e'()\ﬂ(i)(t-‘f)

11

Thus, the instantaneous activity at time t-T that remains following input during
dt is

-(Kg+A)T Zixie-umi)(m) 4

(-]
XflP e

It follows that the instantaneous activity at time t-T that remains following
input during T is

T =(Kg*+\)Tt =(A+K;)(t-1)
J Af P I.x.e dt .

o it
The solution of the integral yields a general expression that depends on
the user defining t. For example, if t is the fixed uptake interval, T, plus an
additional fixed post uptake interval, #, then the body burden at T + @ is
given by
-(A+Kp)T -(X+Ki)T) e-(k+Ki) g

AP°f)  xi (e -e )

4
= . =K
¢ Kl E

As previously stated, Eq. (2) applied at Rongelap and Utirik, it was
for the situation that variable time t was the uptake interval. Additionally,
persons who returned to the atolls in June 1954 and June 1957 did so with an ini-
tial body burden, q°. The behavior of this contribution to body burden,

q, was embodied in the q° term of Eq. (2). A similar model was used to relate



urine activity concentration to body burden. Equation 3 was obtained by
integrating Eq. (2).

Equations (1) and (2) were used to determine the instantaneous fraction of
atoms removed or added to the atom uptake per unit time, KE, and then the ini-
tial daily activity ingestion rate required to produce the measured or derived
tody burden. Equation (3) was used to determine the number of disintegrations
that occurred in the body during the residence interval of an individual living
on Rongelap or Utirik Atoll.

If the mean residence time in the diet is much much longer than the resi-
dence interval, then constant continuous uptake is achieved. Equations (1) and
1) can be converted to the constant continuous equations by replacing KE with
-+. Single uptake expressions are obtained by setting P° equal to zero. In
some cases only radicactive decay may remove the nuclide from dietary items; for
t-ese cases KE would equal zero. In the case of the former Bikini residents,
the maturing of coconut trees during residence on Bikini Atoll caused a con-

137C

tinuously increasing dietary uptake of s. Thus, K. was found to have a nega-

E

tive value. In the case of Rongelap and Utirik, Kp was found to have a positive

137C 65 60 90

value for S, Zn, Co, and Sr. This indicated that in addition to

radioactive decay, some other removal mechanism decreased the radiocactivity in

SSFe, only one mea-

dietary items during the residence interval. For the nuclide
surement was published by the BNL Medical Program (Be72); thus an estimate of Kg
was not possible.

Kg was determined by using Eq. (1) or (2) and the population subgroup mean
body burden or urine activity concentration. Portions of these bioassay data

are illustrated for adult males and females in Figures 2 to 6. Two consecutive

urine or body burden data points were used to eliminate the unknown ingestion
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rate from the equation. This method yields n-l estimates of KE where n was

the number of data points. An average value of KE was assigned for each nu-
clide, and the results for the Rongelap and Utirik populations are given in
Table 3. For the evaluation of KE from Eq. | and 2, radiological and
physiological parameters were obtained from the open literature (ICRP59, ICRP68,
ICRP69, ICRP79, Ki78). A representative sample of these parameters is presented

in Table 4.

Table 3

1

Summary of Dietary Rate Constants (KEL d )
GOCO 90Sr 652n 137CS
Rongelap Adults
Males 1.5x107°  1.8x107% 3.1x10"° 1.4x10"
Females l.EmlO-3 4.1x10'“ 3.5}(10—3 1.4x10—4
Adults 1.5%x107> 1.9x10~% 3.1x10 7 1.4x10"
Utirik Adults
-4 -4
Males N.D. 4,.6x10 N.D. 1.4x10
-4 -4
Females N.D. 4.0x10 N.D. 1.4x10
Adults N.D. 4.2x10”" N.D, 1.4x10"

N.D. = No data sufficient for analysis.

The values of KE were similar for males and females and for residents of
Rongelap and Utirik. For 90Sr on Rongelap a factor of 2 difference between KE
values was observed for males and females. The female parameter for Rongelap
Atoll compares with that obtained from the Utirik data. A paired t-test of the
Rongelap male and female data indicates that the male/female difference was

highly probable and therefore not significant. This difference leads to a

15



Table 4

Total Body Dosimetric and Physiologic Data

Compartment Compartment Gl Tract Fract:ion
Depasition Removal to Blood Excreted in Decay Significant Branching
Nuc iide Fraction Rate Constant Transfer Urine Conscant Progeny Rat1io
A R '
. K A
#* a 4tl £ £y 4-1 Z&
- \
Ll 0.13 0.50 1.0 0.90 6.3x107° St 0.946
0.87 0.0051
- *
oo 6.25 0.058 0.35 0.25 2.8x1070 St 0.49
0.75 0.0022
joet 0.89 0.21 0.20 0.85 6.5x107° o 1.0
0.059 7.1x10™% 30
0.051 1.0x10™% w0 IF 0.0002
9o 0.5 L 0.05 a.70 1.6x107 i 1.0
0.3 0.12
0.1 0.012
0.1 8.7x107%
Sore 1.0 3.5x107 0.1 0.0 7.0x107

16



bimodal activity ingestion rate distribution for 9OSr in the Rongelap popula-
tion.

Data for 6000 and 65Zn were not sufficient for analysis for the Utirik
Atoll residents. Values for KE observed at Rongelap were assigned to Utirik
males and females and body burden histories for population subgroups were
reconstructed using Eq. 1 or 2. Figures 7 and 8 illustrate the derived mean
adult body burdens for all significant nuclides studied on Rongelap and Utirik.
This method provides a best fit of the data shown in Figures 2 through 6, and
provides a body burden history during the early years post return at Utirik, a
time when body burden measurements were not made. Actual data points are also
plotted to demonstrate the fit.

The curves shown for 55Fe in Figures 7 and 8 were obtained by setting KE
equal to zero. This underestimated the initial body burdens and overestimated
future ones. Since 55Fe contributed less than 1.0% to the total dose equiva-
lent, an arbitrary assignment of KE based on observed values for the other nu-
clides was not attempted. During 1974, another series of blood samples was
obtained from Rongelap and Utirik (Co75). Analysis for 55Fe has yet to be
reported. A recalculation of SSFe body burden and its impact on early dose
equivalent rates will be conducted when the data is made available. A substan-
tial change in dose equivalent is not to be expected.

Figure 4 and Figure 6 illustrate the observed adult histories of 9oSr and
137Cs mean urine activity concentrations. Mean values for adult males or all
adults were plotted. Measured values for 137Cs body burdens were also shown in
Figure 7. A much smoother curve was plotted in Figure 7 and it was determined

that the collection and analysis technique for urine samples introduced the addi-

. ’ . . 137
tional variations. On the basis of this observation for Cs, a smooth body

17
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burden curve for 9OSr, reconstructed from raw data and Eq. 1, was considered a
more accurate history. A detailed presentation of the greater variation in
radiochemical analysis of urine versus direct body burden measurements can be
found in Mi8l.

Figure 9 illustrates the variation exhibited in the body burden of 5
randomly chosen subjects over the 25 year monitoring period. These individual
variations may have had a dramatic impact on the mean data. In Figure 2, which
illustrates the adult male, adult female, and adult population mean 137Cs body
burden for the 25 year exposure period, a decrease followed by an increase was
seen during the years 1958 through 1963. Although the Castle BRAVO test ini~-
tially contaminated Rongelap in March 1954, it had been proposed that the
Hardtack Phase I series added to this an amount of contamination equal to that
responsible for the Figure 2 body burden pattern (Co63). Figure 9 suggests that
most individuals counted in those years had body burdens which remained the same
or declined; however, one individual's burden (#881 M) rose and fell quite
differently from the others. Several factors could have contributed to this
variation from the mean such as departure and return to the atoll, sickness, the
dietary contribution of imported foods, etc. Since the mean values are based
on small numbers of persons who were chosen at random, it is conceivable that in-
dividuals like 881 M influenced the mean body burdens to a greater degree than
recontamination of the inhabited atolls. The impact of the individual body
burden pattern on the true mean value is moot since body burdens of all individ-
uals were not monitored consistently throughout their residence intervals except

in the few cases exhibited in Figure 9.

20
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RESULTS AND DISCUSSION

Daily Activity Ingestion Rates

Daily activity ingestion rates were calculated for dosimetrically signifi-
cant nuclides post return. An exponential decline was proposed for the inges-
tion rate within a population subgroup and initial reference values are given in
Figures 10 through 14 (June 1, 1957, was assigned as a return date to Rongelap).
Figure 10 demonstrates the differences in ingestion of 137Cs for various popula~-
tion subgroups. This undulating pattern was exhibited by 137Cs, 905r, and 65Zn,
nuclides for which sufficient data existed for analysis.

Differences in ingestion rates of the stable element at the same geo-
graphic location have been shown to occur among members of a population (ICRP '
23). Age dependent diet studies for ingestionvof Cs for urban Japan have values
varying from 11 ug d—l for adults to 8.6 Ug cl-1 for children. Sr in a western
type diet rose from 600 ug d-l for infants to 690 ug d.1 for 5 year olds to
3,600 pg d-l for 13 year olds and fell to a mean of 1,900 ug d—l for adults. Zn
in the United Kingdom rose from 2 to 40 mg d-l, the higher value of Zn being
observed in adult tea drinkers. Fe ingestion in a western type diet has a mini-
mum at age 3 and maxima at ages 1 and 20 years. Co is ingested at a rate of 20
ug d“1 for Japanese adults and half this amount for children. The Marshallese
population also exhibits dietary changes as a function of age. The authors of
the Marshall Islands Diet and Living Pattern Study (Na80) observed coconut sap
being used as a major food supplement for infants, and later in adult life as a
major source of daily fluid intake. Since coconuts and coconut tree sap pro-

37

-vided the major source of ! Cs on Bikini Atoll (Le80, Mi80), the shape of Fig-

ure 10 was in agreement with the observed diet pattern.
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Figure 1l shows the individual data calculated éor 137Cs for all Rongelap
residents and is referenced to June 1, 1957, The individual maximum 137Cs daily
activity ingestion rate was approximately 4 times the population mean value.

The standard deviation observed for the adult activity ingestion rate distribu-
tion was 41%Z of the aean value, 39% of the mean value for young adults, 482 for
avolescents, 387 for children, and 54% for infants. Adolescents and infants
exnibited a broader distribution than adults, while children showed a fractional
vuriation in activity ingestion rate similar to that of adults. Breast feeding
versus coconut sap supplements would have contributed to the greater variation
ohserved in infants. Adolescents and young adults were the population subgroups
which have been observed to move frequently between atolls. This mobility would
icad to greater variations in the daily activity ingestion rates relative to
those observed in the more stationary population subgroups.

Figure 12 also exhibited a wave pattern; however, a distinct difference be-
tween males and females was indicated. This difference arose from the use ~=f
values for KE listed in Table 3 which were derived from urine data for male and
fzmale residents at Rongelap Atoll. Its major impact was on the dose equivalent
rate, not on the total dose equivalent; and its effect was to cause the dose
equivalent rate for males to rise and decline more rapidly than for females.

Figures 13a and 13b summarize the individual data for 9OSr for all
Rongelap residents and were referenced to June 1, 1957. A bimodal shape was
observed for the distributions which contained both sexes, again reflecting the
difference in the 9OSr dietary rate constants. Data from urine bioassay
indicated that the observed difference between the male and female values for KE
was not significant. A t-test was performed for consecutive urine measurement

data during the 23 year residence interval. The results indicate that because
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of urine activity concentration variability, there was a 60% probability th#t
the male value for KE would be different from the female value by the factor
observed. Thus differences in the derived activity ingestion rates and dose
equivalents were not significant.

Figure l4 shows a semi~log plot of the 65Zn and 137Cs activity ingestion
rate histories for adults on Rongelap. A curve was drawn between points, and
the appearance of an increasing 137Cs ingestion rate during the 1960's indicated
the possibility of another contaminating event. The Hardtack Phase I series was
conducted just prior to the observed increase in the curve and fallout from the
Cactus, Yellow Wood, and Hickory experiments detonated at Bikini and Enewetak
would have reached Rongelap. However, several observations fail to support the
conclusion that recontamination was significant. These are as follows: 'l) the
increase in 137Cs ingestion rate was not in conjunction with an increase of
65Zn; however, since 6SZn is an activation product it may have not been produced
in the same proportions. 2) The peak 137Cs body burden at Utirik occurred
nearly three years after the initiating event, Castle BRAVO, while the peak body
burden at Rongelap followed six years after the potentially contaminating experi-
ments of the Hardtack series in 1958. 3) The activity ingestion rate at Utirik
demonstrated a continuously declining pattern versus the humped pattern observed
at Rongelap. This occurred even though there was an equal external exposure
rate history following thg Hardtack series as measured by the U.S. Public Health
Service on both Rongelap and Utirik (Un59). 4) The peak exposure rate on
Rongelap following the Hardtack series was 10,000 times less than the peak expo-
sure rate following BRAVO. These facts suggest that the Hardtack series was not
a major factor influencing the Rongelap body burden patterns. Thus it is

postulated that body burden variations were caused by travel away from the atoll
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or sickness and other factors. Regardless of the cause of individual differ-
ences from the mean, a smooth description of the body burden and activity inges-
tion rate for‘the population could be adopted. On this basis a declining contin-
uous uptake model was use

Internal Dose Equivalent Rates

The approximate instantaneous dose equivalent rates for the total body
were determined from the body burden data illustrated in Figures 7 and 8 and

from the following equation

H = qI, (4)

where

the total body dose equivalent rate, mRem y-l,

m.
11}

I = equilibrium dose equivalent rate to the total body per unit body
burden, mRem y'l uCi'l,

q T instanteous body burden, uCi.

The approximate nature of the estimate was due to the assumptibn that the
radioactive atoms were distributed among the body tissues as they would be fol-
lowing constant continuous uptake for periods of time much greater than the mean
residence time for the total body. In the case of 90Sr, 86% of equilibrium was
assumed. These assumptions were not used in the estimate of the total dose
equivalent. In addition, since mean adult body burdens were computed, a factor
of 1.2 was needed to adjust for differences in body mass relative to a 70 kilo-
gram adult. Table 5 lists values of I which were determined from information

given in ICRPS9 and corrected for body mass differences.
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Table 5

Total Body Equilibrium Dose Equivalent Rate
per Unit Bodyv Burden

I,
mRem y'l uei~!

S

55Fe 2 x 10o
26

60Co 6 x 102
27

65Zn 1l x lO2
30

905: 3 x 102
38
137Cs 2 x 102
55

Figure 15 illustrates the relative contribution to the composite dose
equivalent rate for each dosimetrically significant internally deposited nu-
clide. For the average Rongelap adult, the residence interval begins June 1,
1957; however, many adults were reported to have resettled during the next 3 to
6 months (Co80b). The composite dose equivalent rate indicated that a broad
maximum of approximately several hundred millirem per year persisted for several
hundred days. Most of the dose rate is attributable to the 137Cs component Ce-
sium dominated over the entire post return period and would be of prime concern
for populations returning to a contaminated enviromment years after a fission
type initiating event.

Figure 16 illustrates two possibilities for the Utirik dose equivalent
rate resulting from the 65Zn body burden history during the first three years

65
post-return. The higher body burden resulted from use of the two measured Zn
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body burden means for adults on Utirik and the observed Kp rate constant from
Rongelap. It was observed on Rongelap that .031% of 652n was removed from the

diet pathway each day in addition to radiocactive decay. Additionally, reduction

137C 90 60

in dietary radioactivity on Rongelap had been observed for s, Sr, and Co

to be greater than that predicted by radioactive decay alone. Instantaneous re-
duction fractions very similar to those at Rongelap were observed at Utirik for
the 9OSr, and 137Cs nuclides. The lower curve on Figure 16 reflects the dose
equivalent, dose equivalent rate, and body burden which would have occurred had
radioactive decay alone accounted for the removal of 65Zn from the Utirik envi-
ronment. Since additional mechanisms could be measured for other nuclides at
Utirik and for the 65Zn nuclide on a nearby atoll, the upper curve was chosen as
the most likely body burden history for adults post return to Utirik Atoll.
Figure 17 indicates the Utirik adult mean total body dose equivalent rate
fcr each nuclide. An obvious difference relative to the Rongelap history
exists; 652n not Cs was the major nuclide contributing to the dose equivalent
rate., This was due to the Utirik population returning 3 to 4 months after the
initial contaminating event, and the Rongelap population returning after 3
years. The age of the fallout had a dramatic influence on the importance of
each nuclide contributing to the internal dose equivalent. In fact 6000 and
65Zn played major roles during the first 3 years, a time interval that
corresponded to the period during which field whole body counting facilities
were being developed at Brookhaven National Laboratory and when medical examina-
tions for people on Utirik Atoll were not done. Additionally, pooled and/or in-
dividual radiochemical analysis of urine was not performed during this period.

The impact of 65Zn and 60Co was such that even if the least conservative rate
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constant (KE=0) was used for Zn, the dose equivalent rate for the average
aduit was in excess of Federal Radiation Council Guidelines for the first 2
years following the return to Utirik.

Internal Dose Equivalents

Disintegrations occurring in the total body of an individual during resi-
dence following repatriation were determined by several methods. Equation (3),
together with personal body burden histories and atoll specific Kg rate con-
stants from Table 3, provided an initial estimate of disintegrations between con-
secutive body burden measurements. The second method used was a log-log plot of
the subject's body burden history and an algebraic determination of area between
two consecutive measured points. The third method used a linear plot of the
subject's body burden history. The area under the curve was cut and weighed and
compared to a standard weight of known area. Quality control procedures
required that all three methods agree within *10% before a subject was assigned
his or her total body disintegrations during residence post return. In generai,
the methods compared to within *5%.

After the total number of disintegrations occurring in a subject's body
was assigned, they were apportioned among the body organs according to the fol-
lowing equation

fi ZiAiBi (ziCiDi + 1n2/X)

F = s
Z.C.D.(Z.A.B. + 1n2/)\)
111 111

(5)

where
F = the fraction of total body disintegrations occurring in the organ of
interest,
A. = organ compartment deposition fraction for the element,
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w
H

= organ compartment biological half time for the element,

Ci = total body compartment deposition fraction for the element,
Di = total body compartment biological half time for the element,
'
f2 = fraction of the element from blood to organ of reference.

Equation (5) applied where significant decay occurred at the deposition
site, and not during transit or re-transit to the organ of interest. Values for
compartment deposition fractions and compartment half times were obtained from
Ki78. Values for the remaining quantities were from ICRP59.

The dose equivalents to a specific organ or the total body were determined
by using the source to target dose equivalent per unit cumulated activity parame-
ters from Ki78. The total target dose equivalent was obtained by summation of
the dosimetric contributions from all source organs. Several important modifica-
tions to the general procedure were made in order to compute individual
dosimetric results. For each person, the source to target dose equivalent per
unit cumulated activity was weighted by the ratio of a standard man's body mass
relative to the actual mean body mass during the interval for which the dose

equivalent was determined. In the case of 137C

s, the long term biological re-
moval rate constant for the Marshallese population was highly dependent upon
body mass (Mi8l). Appropriate modifications to Eq. (2), (3), and (5) were made
to reflect this dependence. Finally, for 908r deposition in bone, 28% of the
source to target dose equivalent per unit cumulated activity was assumed from
cancellous bone and 72Z from cortical bone.

137

Figure 18 demonstrates the mean dose equivalent from Cs for various age

and sex groupings. The residence interval was from 1957 to 1980 for this popula-
tion. The adolescents and persons above 50 years of age in 1957 maintained the

lowest dose equivalent. Persons who died during this period were not included

37



8T ‘213

LeT

ONIENa
Sve 2

Ol

8¢

1103V deTa3uoy 3e 06T 03 /G6T
02

Teaaa3ul 3yl 103 sdnoian a8V /66T PTK
SnoTiep 104 JudTeATNbI 9sog ueal S)

dNOY¥9 40 39V NV3IW

sJ004k ‘JCE |

MEAN DOSE EQUIVALENT, rem
50 6o

T T T 7/

<— INFANTS
(0O-4a)

<— CHILDREN
(5-10a)
(_{}DC)lLs.ES)SCENTS
““YOUNG ADULTS
l—ADULTS (16-19a)
e (20-30aq)
““ADULTS(3I- 400}

“ADULTSé4I 50
“"ADULTS(5!-60a

1 [ 0 |

S3ITVN

S3TTVN3I

A4



in the figure nor were they included in any dosimetric distributions for any of
the nuclides. Thus all persons considered, regardless of initial age in 1957,
experienced a 23 year exposure interval.

Figure 19 shows dose equivalent distributions according to age and sex for
137Cs among the Rongelapese. The shape or the population distribution was
skewed with a mean of 1.7 Rem and a maximum of 9.0 Rem. Thus the maximum was
5.3 times the mean value for 137Cs on Rongelap. An examination of the subgroup
distributions reveals that persons who were infants at the time of rehabitation
at Rongelap also were the recipients of the higher doses. This was due to the
combined effects of lower average body mass, a higher average ingestion rate,
and more rapid turnover of 137Cs than that for adults or even children. The pa-
rameter having the greatest impact on the infant dose equivalent was body mass.
The standard deviation for the adult male distribution was 49% of the mean dose
equivalent, for adult females 43% of the mean dose equivalent, and for adoles-
cents 47%. Within a subgroup, the maximum observed dose equivalent was approxi-
mately twice the mean value for all distributions considered here.

Figure 20 shows mean dose equivalents as a function of returning age
groups for 65Zn on Rongelap. Adolescents, young adults, and adults 50 and up
were the groups receiving lower total dose equivalents, while children and mid-
dle aged persons received higher dose equivalents during the residence interval,
Measured 652n data for persons who were infants at the return date were not
reported in the publications by Conard et al.

Figure 21 shows the dosimetric distributions observed for members of the
Rongelap population for 65Zn. "Again the population overall exhibited a skewed

distribution of dose with a maximum value nearly three times the mean. Children

demonstrated higher doses than persons who were adults during the entire 23
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vear period. The standard deviation was in general 30% of the mean value for all age
and sex subgroup distributions. This less pronounced variation may be due to

the fact that 65Zn measurements took place over a 3 year interval while 9OSr

7 . . .
and 13 Cs occurred over a 23 year interval and thus was contained in a more
homogeneous population than were the longer lived nuclides.

Figures 22 and 23a and 23b summarize the 20

Sr dose equivalent results for
individuals at Rongelap.

In this analysis, only the ingestion pathway was considered important.
Some radioactivity would enter the body via the resuspension and direct inhala-
tion pathways. It 1is known that for a given soil concentration of the stable
naturally occurring analogs to the radionuclides considered here, the ratios

of food and fluid intake to blood relative to airborne intake to blood, are

as follows:

Co > 3000 Zn > 130
Fe > 550 Sr > 10,000
Cs > 400

Thus, dietary intake of radioactive material is the principal pathway leading to
internal deposition. This applies to most nuclides in the environment, however,
there are notable exceptions including I, U, and Pu.

External Exposure

A value of .73 rads in tissue of interest per rontgen, measured in air at
one meter above the surface, was used to convert exposure in air to absorbed dose
in tissue. The source waé assumed to be an exponential distribution of 137Cs ac-
tivity with depth in soil, typical of aged fallout (Be70). Because of the

multidirectional nature of the source, variation of absorbed dose with depth of

organ was minimal. Additionally, external doses were adjusted for living pat-
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tern variations since the atolls present a heterogeneous exposure rate environ-
ment (Gr77).

External exposure calculations are based on Figures 24 to 26 which were
derived from data listed in Cr56, Sh57, Un59, and Gr77. The area under straight

line portions of the curve was determined by

g .22 -t (6)
n+ 1
where
X = external exposure during straight line interval, mR,
R2 I exposure rate at the end of the interval, mRh—l,
Rl Z exposure rate at the beginning of the interval, mRh-l,
t2 T time post detonation at the end of interval, hours,
t, = time post detonation at the beginning of interval, hours,
n = slope of a straight line.

Data from 11 detonations during May, June, and July of 1958 (Sh57) indicated a
mean fallout deposition exponent of 18.8. This mean value was observed at
Utirik, Rongelap, Parry, and Wotho and was applied to early time post detonation
of BRAVO to obtain the initial increasing exposure rate history shown on

Figures 24 and 26. This method yielded a fallout deposition period of 5.5

hours on Rongelap and 12 hours on Utirik. This time compares well with the
original observations reported by the Marshallese and by U.S. Navy personnel
stationed in the area (Sh57). 1Initial dose equivalents on "acute doses"

are developed in greater detail in another report.

46



'o T Ty T TTTy T LORRAS L) LARIRAI T LA L LIRS ] T T 11

F
e A I 6 N SRR B B |
14

O (o]
N [Z]
T T

6—-

IGREA

L]

o
(=)

T

5,

T

MEAN EXPOSURE RATE @ | METER, mR h

3
N

- -

'o-y i 1. 4 al 1 e i i a4l 1 A 014 1 L il L L 114 L L1t
1o° 10' 02 10° 104 i0°
HOURS POST MARCH |, 1954 0645

Fig. 24 Rongelap External Exposure Rate History
Post Bravo

47



2,02" inr

9461 'Cl soqweides Q¥POI + M 92000

0!

10’
HOURS POST CACTUS

0?

;-9 YW 'Iive IUNSOdx3

«
€
Y”. 5407Ms9!5090
w) MZQGS 520133ﬂ
o - ne e Q
£ 3
bt
3 se g
"N -
¢ 33325%.. 25 5
gooiviriviege a
o 4
<
- 3 €
Y «000WLOT - du s 2
] ° s
- o x
S¥6I ¢ M ¥OO
1951 + 1 900 ] >
$moy 00t ¢ AI0WNH C221e W '.Oih\\\\ll M
€ON ¢ H 00 7 =
©
21004 001 ¢ POOROIISA 1QP ¢+ H ¥I'O h ey
LCW N 21Q T T
-
o
SHIeM LO
(o)
$INOY 0! ¢+ IMIBD G+ H 2t
©
o ]
BLem 56" Tin e3um 200
-
i 1 1
h -3 ‘o !U

0?

Fig 25 Rongelap External Exposure Rate History

Post Cactus

48



T Y T T -

IOZ_'_— —

e ~ =
i

T 0 — —
E - b
LT .
b
m ~ —
w 0%
Sk E
(n -
o - -
a
P
W ~ -
Z U
Z 0L -
g - -
= | n

|02:_ -

o) ] 1 1 {

10 100 1000 04 10°

HOUR POST MARCH |, 1954 0645

Fig. 26 Utirik External Exposure Rate History
Post Bravo

49



Figure 25 demonstrates the external exposure following the 1958 testing se-

ries. Since return to Rongelap followed 3 years after the BRAVO contamination,

this series contributed in large part to the external exposure post return.

SUMMARY

The Castle BRAVO shot of March 1954 caused the contamination of the
inhabited atolls Rongelap and Utirik. Evacuation from Rongelap commenced 50
hours after detonation and from Utirik 55 hours after detonation. During June
1954 and June 1957 the return of the Utirikese and Rongelapese occurred respec-
tively. Body burden data for dosimetrically significant nuclides were obtained
throughout the residence interval post return primarily by direct in vivo gamma
spectroscopy and by indirect radiochemical analysis of urine and blood.

The dosimetric models used in this analysis were representative of a
declining continuous uptake regime. Dietary decline of radioactivity included
radiocactive decay of the source and a conglomerate of other factors which might
have included increased use of imported foods and weathering of the source. Di-
etary loss rate constants were estimated from sequential body burden data and
were comparable for both atolls.

Variation in body burden history data for a particular nuclide on a partic-
ular atoll was observed in whole body counting data and urine bioassay results.
This was attributed principally to the statistical variation encountered when
small groups are sampled from a heterogeneous group of body burdens in people,
and in the case of urine bioassay additional variation was introduced during the
laboratory analysis oﬁ samples.

Daily activity ingestion rates were determined for all measured

radionuclides. In general, infants, children, and adults between 20 and 40

50



years of age ingested more activity each day than did adolescents and persons
greater than 40 years of age. Maximum deviation from the average value of the
daily activity ingestion rate for members of an age subgroup was no greater than
a factor of 3. However, the population distributions illustrated a maximum fac-
tor of 5 times the mean activity ingestion rate value.

Dose equivalent rates post return were determined for members from both
atolls. For Rongelap Atoll, the residents received approximately 100 to 200
mRem per year during the first 5000 days post return from internal emitters.,

137C

The principal contributing nuclide was s. For Utirik Atoll, the residents

received up to 15 Rem per year during the first 400 days post return. The major
contributing nuclides were 65Zn and 60Co. Dose equivalent rates to the
Utirikesé from internal emitters fell below 500 mRem per year at approximately
1200 days post return.

The dose equivalent for population subgroups and for individuals was deter-
mined. Table 6 summarizes the results for the total body, thyroid, red marrow,
testes, ovaries, lower large intestine wall, and liver. The catenary compart-
ment model of Bernard and Hayes (Ber70) was used to determine doses to vérious
segments of the gastrointestinal tract. The Utirikese received significantly

more radiation dose from 65Zn, 60Co, and 5SFe than did the Rongelapese because

. . . . . 90
of short mean residence times of these nuclides in the environment.

Sr doses
. 137 .

to the Rongelapese were 2.5 time greater and Cs doses 1.5 times greater than

doses received by persons at Utirik. This occurred even though Utirik residents

returned to their atoll 3 years earlier and somewhat reflects the degree

to which Utirik was less contaminated than Rongelap.

51



Table 6

Chronic Phase
Dose Equivalent Summary, Rem

Total Body Thyroid
Utirik Ronge lap Utirik Rongelap

Nuc lide Adults Adults Adults Adults
90g .012 .027 .00075 .0017

3re .033 .023 .059 .042
13704 1.1 1.7 1.6 2.4

60¢o .51 .014 .36 .010
6574 13. .076 1. .067
Internal 14, 1.9 13. 2.5
External 3.2 2.0 3.2 2.0
Total 17. 3.9 16. 4.5

Red Marrow Testes-Ovaries

90c, .054 .12 .00075-.00075 .0017-.0017

Sdpe .060 .042 .058-.062 .074~-.043
137¢5 1.7 2.6 1.5-1.7 2.3-2.6

60, .63 .018 J4b-1.8 0.12-.050

65zn 17. .10 11.-16. .069-.099
Internal 20. 2.9 13.-20. 2.5-2.8
External 3.2 2.0 3.2 2.0
Total 23. 4.9 17.-23. 4.5-4.8

Lower Large
Intestine Wall Liver

905, .23 .57 .00067 .0015
S3Fe .067 .047 12 .080
137¢¢ .59 .90 1.8 2.7
60, 4.7 .13 .79 .022
6574 15. .091 17. 14
Internal 21. 1.7 19. 3.0
External 3.2 2.0 3.2 2.0
Total 24, 3.8 22. 5.0
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Marshall Islands: A Study of Diet and Living Patterns

J.R. Naidu, N.A. Greenhouse, G. Knight* and E.C. Craighead**

Brookhaven National Laboratory,
Safety and Environmental Protection Division
Upton, New York 11973

Abstract

This study summarizes information on diet and living patterns for the
Marshallese. The data was derived from literature, answers to questiounnaires,
personal observations while living with the Marshallese for periods extending
from months to years, and from direct participation in their activities. The re-
sults reflect the complex interactions of many influences, such as, the
gathering of local foods, the receipt of food aid through programs, such as,
school-lunch, typhoon-relief, food distributed to populations displaced as a re-
sult of nuclear testing, and in recent times the availability of cash for the
purchase of imported foods. The results identify these influences and are there-
fore restricted to local food diets while recognizing that the living patterns
are changing as local food gathering is replaced by other food supplies. The
data will therefore provide the necessary information for input into models that
will assess the radiological impacts attributable to the inhabitation of the
Marshall Islands. It is recommended that this study should be continued for at
least two to three years in order to more accurately identify trends in local
food consumption and living patterns.

Obiective

The goal of this study is the evaluation of dietary and living patterns
among the inhabitants of the Northern Marshall Islands. These data will be used
as input to the dose estimation models (external and internal) that are being
developed for the Marshallese who continue to inhabit or will inhabit areas
previously contaminated by radiocactive fallout from U.S. Pacific Nuclear tests.

Introduction

This study, by the Safety and Environmental Protection Division (S&EP) of
the Brookhaven National Laboratory, is a continuation of work which began in
1974 as part of environmental monitoring programs for Bikini, Rongelap and
Utirik. The Northern Marshall Islands Radiological Survey (NMIRS) of 1978 pro-
vided an opportunity to carry out a study in extensive detail, since the role of
S&EP? was devoted exclusively to diet and living patterns. Since then, two of
the authors, (G. Knight and J.R. Naidu), have continued the study in order to in-
crease the data base obtained through this work. As pointed out in a prelimi-

*P.0. Box 782, Majuro, Marshall Islands
*%*8 Platt Street, East Norwalk, Connecticut 06855




nary report to the NMIRS group, one of the key requirements for reliable data
gathering is the isolation of the islanders from the "outside'" influence of
field trip ships and from scientists conducting environmental Or medical
studies. This stems from the fact that the Marshallese tend to give such in-
quires answers which they think are being sought, rather than to provide the ob-
jective information desired. Thus the NMIRS program, wherein three of the au-
thors spent short periods of time in residence at each island, served to provide
a basis for comparisons with past observations, and to establish a foundation

. for subsequent studies following the NMIRS. These studies have now been

extended through 1979 and are expected to continue indefinitely.

Methods

A thorough review of all existing literature was performed (1-6j. Earlier
studies |1,2) had as their goals the quantitative and qualitative assessments of
food intake, and the establishment of its nutrient value. However, it became ap-
parent during the current study that the earlier studies suffered from certain
unintended biases which were the result of inquiries made during short field
trip visits. We have ascertained that these biases can be minimized by
utilizing an observer who has become integrated into the local community to the
extent that his or her presence has a negligible impact on community life. The
authors of this report have spent periods extending from months to years on the
various islands in the Marshalls, during which time they have become an integral
part of the island communities, partaking of the local food and participating in
(as well as observing) community living patterns. On the basis of this experi-
ence, the authors developed a questionnaire which was used to generate much of
the dietary information presented in this report.

The generalized information presented in the main body of this report rep-
resents a synthesis of the direct observations of the authors, and of the survey
data from the questionnaire. Most of the detailed information, which forms the
basis for these generalizations, pertains to the following: Islands/Atolls stud-
ied, specific aspects of island living patterns, seasonal phenomena, types of
fish and methods of fishing, edible birds, individual family food consumption
patterns, (imported) food subsidy programs, community cooperative store stocks,
and satistics on the edible fractions of local foods. All of the above informa-
tion' is included in the Appendices.

The following dietary interview was prepared in an attempt to determine
the local diet by posing questions to the islanders themselves. It was taken to
a number of communities at Rongelap in Rongelap Atoll, Utirik in Utirik Atoll,
Mejit, Ailuk, Wotho, Jabor in Jaliut Atoll, at Killi Island and Majuro.

The questionnaire of the dietary interviews, which is in Marshallese but
presented here as a literal English translation, was as follows:
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Marshall Islands Dietary Interview

In answering these questions, please answer in respect to those of your family

who presently live at your house and in respect to only those who eat with vou
every day.

How many people of school age or over are in your family and eat with your fam-
ily every day?

What is the name of the island where you presently live.

1) How many mature coconuts do you use to prepare coconut milk to mix into
your family's food in a typical week?

2) How many mature coconuts do you grate to mix into your family's food in a
typical week?

3) 1f you are an adult and 18 years or over, other than the mature coconuts
mixed into your family's food, how many other coconuts do you eat in a typical
weeik?

4) With respect to your children or brothers and sisters of ages 10 through
18, other than the mature coconuts mixed in the family's food, how many would
you expect one of them to eat in a typical week?

5) If you are an adult, how many drinking coconuts do you consume in a typical
week?

6) And if you are an adult, how many of these coconuts that you drink will you
also eat the soft meat thereof?

7) With respect to your children or younger siblings of ages 10 through 18,
how many unripe coconuts would you expect one of them to drink in a typical
week?

8) And in respect to these children, how many of these unripe coconuts that
one of them would drink would you expect him to also eat the meat thereof?

9) If you are an adult, how many of the kenawe coconuts (in a similar fashion
as pandanus, the entire husk is sucked and chewed and a considerable portion is

eaten) do you eat during a typical mouth?

10) In respect to your children or younger siblings from ages 10 to 18, how

many of the kenawe coconuts would you expect one child to eat during a typical
month?

11) How many of the sprouted coconuts do you cook the iu (hausterium) thereof
in preparing traditional dishes to be served at family meals in a typical week?

12) Other than the iu prepared for the family meals, how many iu do you eat in
a typical week?



13} In respect to the children, how many iu does one child eat in a typical

week? . .

14) If you are a man who makes jekaru (tapped nectar of the coconut flower),
now many half-gallon bottles does your family use to drxnk or mix with the fam-
1ly food each day?

l5) How many pandanus do you cook and make Into pulp to mix with the family
food or to preserve into Jankwon in a typical week during pandanus season?

l6) Other than the pandanus you mash into pulp, how many will you eat yourself?

17) In respect to the children, on a typical day how many pandanus does one
child eat?

18) During breadfruit season, how many of the bukrol or batakatak varieties do
you prepare for your family in a typical week?

19) How many of the bukrol or batakatak  varieties do you use to preserve into
bwido to be eaten by your family during a typical year?

20) During the season for the mejwan variety of breadfruit, how many do you pre-
pare for your family in a typical week?

21) Other than the mejwan you cook for the family, how many of the ripe fruits
do you eat in a typical week when this variety of breadfruit is in season?

22) In respect to the children, how many of the ripe fruits do you think one .
child eats in a typical week?

, 23) How many of the mejwan variety of breadfruit do you preserve into jankwon -
: for your family to eat during a typical year? .

24) Other than the mejwan breadfruit itself, how many nuts of this variety do
you eat in a typical week when it is in season?

25) 1In respect to the children, how many nuts of the mejwan do they eat in a
typical week when it is in season?

26) How many blocks of arrowroot starch (about 10 lbs) do you dig and prepare
% for your family to eat during a typical year?

: 27) How many (pounds of) fish do you cook during a typical week for your family :
‘ to eat? (A good sized rijin species weighs about 2 1lbs.) s

28) How many pumpkins do you cook for your family during a typical year?

29) How many stalks of starch bananas do you cook for your family during a typi;.;{
cal year?
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30) How many stalks of sweet bananas does vour family eat during a typical
year?

31) If you are an adult, how many papavas do you eat during a typical month?

32) In respect to the children, how many papayas would you expect one child to
eat during a typical month?

33) How many (pounds of) sweet potatoes do you cook for your family during a
tvpical year?

34) In respect to any other locally grown foods not previously mentioned,
please list the foods and the amount eaten by the family during a typical month
or year.

35) How many chickens do you kill and prepare for your family during a typical
month or during a typical year?

36) In respect to wild birds, how many times do you make a meal of them during
a typical month or year?

37) How many times do you make a meal of pig during a typical month or year?
38) How many times do you eat turtle during a typical month or year?

39) How many times do you eat lobster during a typical month or year?

40) How many times do you eat giant clam during a typical month or year?

41) How many times do you eat the various types of ocean snails during a typi-
cal month or year?

42) How many times do you eat octopus during a typical month or year?

43) How many times do you eat the coconut crab during a typical month or year?

44) How many times do you eat clams (other than giant) during a typical month
or vear?

45) Please circle the months that breadfruit is in season.

Jan.---
Feb.---
March--
April--
May----
June---
July=---
Aug.-—-
Sept.--
Oct .~~~



Nov ,=---
Dec ,-=--

+6) Please circle the months that pandanus is in season.

Jan,---
Feb.---
March--
April--
May----
June---
July---
Aug.---
Sept.--
Oct .-~
Nov,---
Dec.---

The feasibility of obtaining a total profile of a typical diet from an in-
erview stems from the prevailing envirommental conditions in which the variety
»f available foods is quite restricted. There is also a very limited trading
»conomy = both the variety and availability of imported foods being restricted
>y the limited capital of those who import and retail such goods. Thus the lim-
ited availability of cash affects both the variety of traditional foods and the
:mount of contemporary imports as well. Thus, the typical diet is very ''day to
day". This makes it possible to obtain relatively accurate estimates on a ques-
tion and answer basis.

Traditionally, one